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(54) IMAGE DISPLAY 

(57) An image display device constructed by: an im- 
age display means for displaying an image by moving 
chargeable particles arranged between electrodes by 
means of a voltage applied to the electrodes; and a light 
emission means for emitting a light to an image display 
surface of the image display means (first aspect of the 
invention). Moreover, an image display device which 
has an image display panel, in which two or more groups 
of particles or liquid powders having different colors and 
different charge characteristics are sealed between op- 
posed two substrates, at least one of two substrates be- 



ing transparent, and, in which the particles or the liquid 
powders, to which an electrostatic field produced by a 
pair of electrodes provided on one substrate or both sub- 
strates respectively is applied, are made to move so as 
to display an image, characterized in that a color filter 
is arranged to an outer surface or an inner surface of a 
transparent substrate of the image display panel so as 
to perform a color displaying (second aspect of the in- 
vention). 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an image dis- 
play device, which comprises an image display panel 
enables to repeatedly display or delete images accom- 
panied by flight and movement of particles utilizing an 
electrostatic. 

BACKGROUND ART 

[0002] As an image display device substitutable for 
liquid crystal display (LCD), image display devices with 
the use of technology such as an electrophoresis meth- 
od, an electro-chromic method, a thermal method, dich- 
roic-particles-rotary method are proposed. 
[0003] As forthese image display device, it is conceiv- 
able as inexpensive visual display device of the next 
generation from a merit having wide field of vision close 
to normal printed matter, having smaller consumption 
with LCD, spreading out to a display for portable device, 
and an electronic paper is expected. Recently, electro- 
phoresis method is proposed that microencapsulate dis- 
persion liquid made up with dispersion particles and col- 
oration solution and dispose the liquid between faced 
substrates. 

[0004] However, in the electrophoresis method, there 
is a problem that a response rate is slow by the reason 
of viscosity resistance because the particles migrate 
among the electrophoresis solution. Further, there is a 
problem of lacking imaging repetition stability, because 
particles with high specific gravity of titanium oxide is 
scattered within solution of low specific gravity, it is easy 
to subside, difficult to maintain a stability of dispersion 
state. Even in the case of microencapsulating, cell size 
is diminished to a microcapsule level in order to make it 
hard to appear, however, an essential problem was not 
overcome at all. 

[0005] Besides the electrophoresis method using be- 
havior in the solution, recently, a method wherein elec- 
tro-conductive particles and a charge transport layer are 
installed in a part of the substrate without using solution 
is proposed. [The Imaging Society of Japan "Japan 
Hardcopy '99" (July 21-23, 1999) Transaction Pages 
249-252] However, the structure becomes complicated 
because the charge transport layer and further a charge 
generation layer are to be arranged. In addition, it is dif- 
ficult to constantly dissipate charges from the electro- 
conductive particles, and thus there is a drawback on 
the lack of stability. Moreover, the known image display 
device has a drawback such that an image visibility is 
inferior (task to be solved by a first aspect of the inven- 
tion). 

[0006] As one method of solving various problems 
mentioned above, it is known an image display device 
which comprises an image display panel, in which two 
or more groups of particles having different colors and 



different charge characteristics are sealed between two 
substrates, at least one of two substrates being trans- 
parent, and, in which the particles, to which an electro- 
static field produced by a pair of electrodes having dif- 

5 ferent potentials is applied, are made to move by means 
of Coulomb's force so as to display an image. In addi- 
tion, it is known an image display device which compris- 
es an image display panel, in which the liquid powders, 
which indicate a high fluidity in an aerosol state such 

10 that solid-like substances are suspended in a gas stably 
as dispersoid, are sealed between opposed two sub- 
strates, at least one of two substrates being transparent, 
and, in which the liquid powders, to which an electro- 
static field produced by a pair of electrodes provided on 

15 one substrate or both substrates respectively is applied, 
are made to move so as to display an image. 
[0007] In the image display device mentioned above, 
it is possible to perform an image display having rapid 
response rate due to a dry type display, simple construc- 

20 tion, inexpensive cost and excellent stability. However, 
since a color displaying is performed by indicating colors 
of the particles, there is a drawback such that it is difficult 
to achieve a high grade color displaying (task to be 
solved by a second aspect of the invention). 

25 

DISCLOSURE OF INVENTION 

[0008] An object of the first aspect of the invention is 
to eliminate the drawbacks mentioned above and to pro- 

30 vide an image display device having an excellent image 
visibility, simple construction, inexpensive cost, rapid re- 
sponse rate of image display/deletion, excellent repeat- 
able stability and excellent durability. 
[0009] Moreover, an object of the second aspect of 

35 the invention is to eliminate the drawbacks mentioned 
above and to provide an image display device having 
rapid response rate due to dry type display, simple con- 
struction, inexpensive cost and excellent stability with 
an image display panel, which can further achieve a 

40 color image display with a high grade. 

[0010] According to the first aspect of the invention, 
an image display device is characterized in that the im- 
provement comprises: an image display means for dis- 
playing an image by moving chargeable particles ar- 

45 ranged between electrodes by means of a voltage ap- 
plied to the electrodes; and a light emission means for 
emitting a light to an image display surface of the image 
display means. 

[0011] Moreover, in the image display device accord- 
50 ing to the first aspect of the invention, since the light 
emission means for emitting a light more effectively with 
respect to the image display surface of the image dis- 
play means is provided, a visibility of the image to be 
displayed becomes excellent. Particularly, when use is 
55 made of the image display means in which the charged 
particles are moved between the electrodes so as to dis- 
play an image, especially when use is made of the im- 
age display means in which the charged particles are 
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moved between the electrodes by means of an electro- 
static force, it is possible to obtain the image display de- 
vice having rapid response rate of image display/dele- 
tion, excellent repeatable stability and excellent durabil- 
ity. In addition, the image display device according to 5 
the invention constructed mainly by the image display 
means and the light emission means mentioned above 
has a simple construction and an inexpensive cost. 
[0012] As a preferred embodiment of the image dis- 
play device according to the first aspect of the invention, 
the particles are constructed by particles having the 
same color and the same charge characteristics; the 
particles are constructed by particles having different 
colors and different charge characteristics; the particles 
are arranged in a space defined by partition walls; the 
partition walls are arranged around the space and the 
image display means has a plurality of pixels defined by 
the partition walls; a first electrode is arranged in the 
space at a side of the image display surface and a sec- 
ond electrode is arranged at the other side thereof; both 
of a first electrode and a second electrode are arranged 
in the space at a reverse side of the image display sur- 
face; a gas is filled in the space; the space is a pressure 
reduction state of 1 0 5 - 1 0' 4 Pa; the light emission means 
comprises a linear illuminant extending along a periph- 
eral of the image display means; the light emission 
means comprises a light guide plate arranged at a front 
surface of the light display surface of the image display 
means, and a light emitted from the linear illuminant to 
a side surface or a rear surface of the light guide plate 
is reflected by the light guide plate and is emitted to the 
image display surface; and the light guide plate com- 
prises a substrate for introducing a light from its side 
surface or a rear surface, a dotted or linear reflection- 
layer arranged to the substrate for reflecting a light to- 
ward the image display surface, and a dark color-layer 
arranged to a view surface of the reflection-layer. 
[0013] Moreover, as an another preferred embodi- 
ment of the image display device according to the first 
aspect of the invention, a V-recess having a prism sur- 
face used for reflecting a light emitted from the linear 
illuminant is arranged to a surface of the light guide 
plate, and a V-recess angle defined by an angle of the 
prism surface of the V-recess with respect to a surface 
of the light guide plate is set to 25° - 40°; a reflective 
property in the case of a white color displaying is such 
a state that an angle of incident light, at which a reflec- 
tion rate is 0.5 in the case that an angle of incident light 
is varied by 15° - 90° and a reflection rate at 15°, is not 
less than 40°; a view angle in the case of a white color 
displaying is not less than 40° at one side on a half band- 
width; the image display means and the light emission 
means have flexibility; the image display comprises the 
image display surface at its both surfaces; and as the 
particles use is made of liquid powders, which indicate 
a h igh flu idity in an aerosol state such that solid-like sub- 
stances are suspended in a gas stably as dispersoid. 
[0014] Also in all the preferred embodiments men- 
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tioned above according to the first aspect of the inven- 
tion, it is possible to perform more effectively the image 
display device according to the first aspect of the inven- 
tion. 

[0015] Then, according to a first embodiment of the 
second aspect of the invention, an image display device 
which comprises an image display panel, in which two 
or more groups of particles having different colors and 
different charge characteristics are sealed between op- 
posed two substrates, at least one of two substrates be- 
ing transparent, and, in which the particles, to which an 
electrostatic field produced by a pair of electrodes pro- 
vided on one substrate or both substrates respectively 
is applied, are made to move so as to display an image, 
is characterized in that a color filter is arranged to an 
outer surface or an inner surface of a transparent sub- 
strate of the image display panel so as to perform a color 
displaying. 

[0016] Moreover, according to a second embodiment 
of the second aspect of the invention, an image display 
device which comprises an image display panel, in 
which the liquid powders, which indicate a high fluidity 
in an aerosol state such that solid-like substances are 
suspended in a gas stably as dispersoid, are sealed be- 
tween opposed two substrates, at least one of two sub- 
strates being transparent, and, in which the liquid pow- 
ders, to which an electrostatic field produced by a pair 
of electrodes provided on one substrate or both sub- 
strates respectively is applied, are made to move so as 
to display an image, is characterized in that a color filter 
is arranged to an outer surface or an inner surface of a 
transparent substrate of the image display panel so as 
to perform a color displaying. 
[0017] In the first embodiment and the second em- 
bodiment of the second aspect of the invention, the color 
filter having different colors of R(red), G(green) and B 
(blue) is arranged to the outer surface or the inner sur- 
face of the transparent substrate. Then, one pixel of the 
color displaying is constructed by three image display 
elements to which at least one of R, G and B of the color 
filter are arranged respectively, and one of the particles 
or liquid powders is made to be the white color, while 
the other is made to be the black color. Under such a 
condition, the white color particles or liquid powders are 
made to be existent to the display surface so as to dis- 
play the R, G or B color of the color filter, while the black 
color particles or liquid powders are made to be existent 
to the display surface so as to display the black color, 
so that it is possible to perform the color displaying. In 
this manner, it is possible to realize a high grade color 
image display. 

[0018] As a preferred embodiment of the image dis- 
play device according to the first embodiment of the sec- 
ond aspect of the invention, the surface charge density 
in an absolute value of the particles measured by using 
the carrier in accordance with a blow-off method is 5 - 
150 nC/m 2 ; and the particles are particles in which the 
maximum surface potential, in the case that the surface 
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of particles is charged by a generation of Corona dis- 
charge caused by applying a voltage of 8 KVto a Corona 
discharge device deployed at a distance of 1 mm from 
the surface, is 300 V or greater at 0.3 second after the 
discharge. 

[0019] Also in all the preferred embodiments men- 
tioned above according to the first embodiment of the 
second aspect of the invention, it is possible to perform 
more effectively the image display device according to 
the first embodiment of the second aspect of the inven- 
tion. 

[0020] Moreover, as a preferred embodiment of the 
image display device according to the second embodi- 
ment of the second aspect of the invention, an apparent 
volume in a maximum floating state of the liquid powders 
is two times or more than that in none floating state; a 
time change of the apparent volume of the liquid pow- 
ders satisfies the following formula: V 10 /V 5 > 0.8; here, 
V 5 indicates the apparent volume (cm 3 ) of the liquid 
powders after 5 minutes from the maximum floating 
state; and V 10 indicates the apparent volume (cm 3 ) of 
the liquid powders after 10 minutes from the maximum 
floating state; and an average particle diameter d(0.5) 
of the liquid powders is 0.1 - 20 nm. 
[0021] Also in all the preferred embodiments men- 
tioned above according to the second embodiment of 
the second aspect of the invention, it is possible to per- 
form more effectively the image display device accord- 
ing to the second embodiment of the second aspect of 
the invention. 

[0022] In the second embodiment of the first aspect 
and the second aspect of the invention, a term "liquid 
powder 4 ' means an intermediate material having both of 
liquid properties and particle properties and exhibiting a 
self-fluidity without utilizing gas force and liquid force. 
Preferably, it is a material having an excellent fluidity 
such that there is no repose angle defining a fluidity of 
powder. For example, a liquid crystal is defined as an 
intermediate phase between a liquid and a solid, and 
has a fluidity showing a liquid characteristic and an an- 
isotropy (optical property) showing a solid characteristic 
(Heibonsha Ltd.: encyclopedia). On the other hand, a 
definition of the particle is a material having a finite mass 
if it is vanishingly small and receives an attraction of 
gravity (Maruzen Co., Ltd.: physics subject-book). Here, 
even in the particles, there are special states such as 
gas-solid fluidized body and liquid-solid fluidized body. 
If a gas is flown from a bottom plate to the particles, an 
upper force is acted with respect to the particles in re- 
sponse to a gas speed. In this case, the gas-solid fluid- 
ized body means a state that is easily fluidized when the 
upper force is balanced with the gravity. In the same 
manner, the liquid-solid fluidized body means a state 
that is fluidized by a liquid. (Heibonsha Ltd.: encyclope- 
dia) In the present invention, it is found that the interme- 
diate material having both of fluid properties and solid 
properties and exhibiting a self-fluidity without utilizing 
gas force and liquid force can be produced specifically, 
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and this is defined as the liquid powder. 
[0023] That is, as is the same as the definition of the 
liquid crystal (intermediate phase between a liquid and 
a solid), the liquid powder according to the invention is 

5 a material showing the intermediate state having both 
of liquid properties and particle properties, which is ex- 
tremely difficult to receive an influence of the gravity 
showing the particle properties mentioned above and in- 
dicates a high fluidity. Such a material can be obtained 

10 in an aerosol state i.e. in a dispersion system wherein 
a solid-like or a liquid-like material is floating in a rela- 
tively stable manner as a dispersant in a gas, and thus, 
in the image display device according to the invention, 
a solid material is used as a dispersant. 

15 

BRIEF DESCRIPTION OF DRAWINGS 

[0024] Figs. 1 a - 1 c are schematic views respectively 
showing a side view, a perspective view of one embod- 
iment of an image display device according to the inven- 
tion, and a cross sectional view of a linear iiiuminant por- 
tion. 

[0025] Figs. 2a - 2c are cross sectional views respec- 
tively illustrating one embodiment of a display element 
of an image display panel according to the invention and 
one embodiment of its display operation theory. 
[0026] Figs. 3a - 3c are cross sectional views respec- 
tively depicting another embodiment of a display ele- 
ment of an image display panel according to the inven- 
tion and another embodiment of its display operation 
theory. 

[0027] Figs. 4a - 4c are cross sectional views respec- 
tively showing still another embodiment of a display el- 
ement of an image display panel according to the inven- 
tion and still another embodiment of its display operation 
theory. 

[0028] Figs. 5a - 5c are cross sectional views respec- 
tively illustrating still another embodiment of a display 
element of an image display panel according to the in- 
vention and still another embodiment of its display op- 
eration theory. 

[0029] Figs. 6a - 6c are cross sectional views respec- 
tively depicting still another embodiment of a display el- 
ement of an image display panel according to the inven- 
tion and still another embodiment of its display operation 
theory. 

[0030] Fig. 7 is a schematic view showing a method 
of measuring a surface potential of the chargeable par- 
ticle used in the image display device according to the 
invention. 

[0031] Fig. 8 is a perspective view illustrating one em- 
bodiment of a linear iiiuminant used in the invention. 
[0032] Fig. 9 is a cross sectional view depicting a cut- 
out portion along IX-IX line shown in Fig. 8. 
[0033] Fig. 1 0 is a perspective view showing one em- 
bodiment of a light transmission tube shown in Fig. 8. 
[0034] Fig. 11 is a cross sectional view illustrating a 
cutout portion along XI-XI line shown in Fig. 10. 
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[0035] Fig. 1 2 is a cross sectional view depicting a cut- 
out portion along XII-XII line shown in Fig. 11 . 
[0036] Fig. 1 3 is a plan view showing another embod- 
iment of the image display device according to the in- 
vention. 

[0037] Fig. 14 is a plan view illustrating still another 
embodiment of the image display device according to 
the invention. 

[0038] Fig. 1 5 is a plan view depicting still another em- 
bodiment of the image display device according to the 
invention. 

[0039] Fig. 1 6 is a cross sectional view showing a cut- 
out portion along XVI-XVI line shown in Fig. 15. 
[0040] Fig. 17 is a plan view illustrating still another 
embodiment of the image display device according to 
the invention. 

[0041] Fig. 18 is a plan view depicting still another em- 
bodiment of the image display device according to the 
invention. 

[0042] Fig. 1 9 is a plan view showing still another em- 
bodiment of the image display device according to the 
invention. 

[0043] Fig. 20 is a plan view illustrating still another 
embodiment of the image display device according to 
the invention. 

[0044] Fig. 21 is a plan view depicting still another em- 
bodiment of the image display device according to the 
invention. 

[0045] Fig. 22 is an enlarged cross sectional view 
showing a light guide plate shown in Fig. 21 . 
[0046] Figs. 23a and 23b are a side view and a per- 
spective view respectively illustrating one embodiment 
of the image display device according to the invention. 
[0047] Fig. 24 is a schematic view depicting a detail 
of the image guide plate of the image display device ac- 
cording to the invention. 

[0048] Fig. 25 is a schematic view explaining a V-re- 
cess angle in the image guide plate of the image display 
device according to the invention. 
[0049] Fig. 26 is a graph showing a relation between 
an incident angle of a light and a reflection coefficient in 
the image display device according to the invention. 
[0050] Fig. 27 is a schematic view illustrating one em- 
bodiment of an incident angle dependency measuring 
apparatus of a reflection coefficient used to obtain the 
results of Fig. 26. 

[0051] Fig. 28 is a graph depicting a relation between 
the V-recess and an efficiency of the light guide plate in 
the image display device according to the invention. 
[0052] Fig. 29 is a graph showing a relation between 
an emanating and brightness in the linear illuminant of 
the image display device according to the invention. 
[0053] Fig. 30 is a schematic view illustrating one em- 
bodiment of a visibility angle characteristic measuring 
apparatus of a reflection coefficient used to obtain the 
results of Fig. 29. 

[0054] Fig. 31 is a graph depicting a visibility angle 
characteristic in the image display device according to 



the invention. 

[0055] Figs. 32a and 32b are schematic view respec- 
tively showing one embodiment in the image display el- 
ement of the image display panel constituting the image 
5 display device according to the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0056] At first, common construction of the image dis- 
w play device according to a first aspect and a second as- 
pect of the invention. 

[0057] Figs. 1 a - 1 c are schematic views respectively 
showing one embodiment of the image display device 
according to the invention, in which Fig. 1a shows its 
15 side view, Fig. 1 b illustrates its perspective view and Fig . 
1c depicts a cross sectional view showing a linear illu- 
minant. 

[0058] As shown in Figures, an image display device 
a comprises: an image display panel 2 as the image dis- 
20 play means for displaying an image by moving charge- 
able particles between electrodes by means of a voltage 
applied to the electrodes; and a linear illuminant 3 as 
the light emission means for emitting a light to an image 
display surface 2A of the image display panel 2. In this 
25 case, since a light from the linear illuminant 3 is emitted 
to the image display surface 2A of the image display 
panel 2, the image display surface 2A has an excellent 
image visibility. It should be noted in the image display 
device 1 that a housing 4 as a cover for covering the 
30 linear illuminant 3 is arranged. 

[0059] As the chargeable particles used in the image 
display panel 1 as the image display means, the follow- 
ing© or<D is for example utilized. 

35 0 Particles constructed by particles having the 
same color and charge characteristics. 
@ Particles constructed by plural groups of, for ex- 
ample, two groups of particles having different 
colors and charge characteristics. 

40 

[0060] At first, one construction of the image display 
panel using the particles © mentioned above as the 
chargeable particles will be explained with reference to 
Figs. 2 - 4. Figs. 2 - 4 are cross sectional views respec- 
ts tively showing one embodiment of the image display 
panel according to the invention. 
[0061] In the image display panel shown in Figs. 2a - 
2c, a transparent display electrode 13 is arranged to an 
inner side of a transparent substrate 1 1 (a side opposed 
50 to an opposed substrate) in a space defined by partition 
walls 16 in such a manner that the partition walls sur- 
round the space, and an opposed electrode 14 and a 
color plate 17 are arranged to an inner side of an op- 
posed substrate 12 (a side opposed to the transparent 
55 substrate). 

[0062] In Figs. 2a - 2c, the opposed electrode 14 is 
arranged from an edge of the opposed substrate 12 to 
an inner side of the partition wall 16, but it may be ar- 
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ranged only on the opposed substrate 12 or may be ar- 
ranged only to an inner side of the partition wail 16. 
Chargeable particles (negatively chargeable particles in 
Fig. 2) 15 are arranged in the space surrounded by the 
partition walis 1 6 between the transparent substrate 1 1 
and the opposed substrate 12. 
[0063] Fig. 2a shows a state in which a voltage is not 
applied. Under such a condition, if a voltage is applied 
from a power source not shown in such a manner that 
a side of the display electrode 13 becomes a high po- 
tential and a side of the opposed electrode 1 4 becomes 
a low potential, the negatively chargeable particles 15 
are moved and adhered to a side of the transparent sub- 
strate 11 by means of an electrostatic force as shown in 
Fig. 2b. In this case, the display surface viewed from a 
side of the transparent substrate 1 1 looks like a color of 
the negatively chargeable particles 15. Then, if avoltage 
is applied in such a manner that the display electrode 

13 becomes a low potential and the opposed electrode 

1 4 becomes a high potential by switching the potentials, 
the negatively chargeable particles 15 are moved and 
adhered to a side of the opposed substrate 1 2 by means 
of an electrostatic force as shown in Fig. 2c. In this case, 
the display surf ace viewed from a sideof the transparent 
substrate 11 looks like a color of the color plate 17. 
[0064] It is possible to display repeatedly the states 
shown in Figs. 2b and 2c only by reversing the potentials 
as mentioned above, and thus it is possible to change 
colors of the display surface reversibly by reversing the 
potentials of the power source. For example, if it is as- 
sumed that the negatively chargeable particles 15 are 
a white color and the color plate 1 7 is a black color, or, 
that the negatively chargeable particles 15 are a black 
color and the color plate 17 is a white color, the revers- 
ible display between white color and black color can be 
achieved. 

[0065] In the image display panel shown in Figs. 3a - 
3c, the electrodes are not arranged between the sub- 
strates, and the negatively chargeable particles 15 and 
the color plate 17, which are the display element of the 
display plate, are arranged in the space between the 
transparent substrate 11 and the opposed substrate 12 
surrounded by the partition waits 16. 
[0066] In the display method in which no electrode is 
arranged as shown in Figs. 3a - 3c, an electrostatic la- 
tent image is applied to an outer surface of the substrate, 
and the particles having predetermined charge charac- 
teristics and colors are pulled or rebound to the sub- 
strate by means of an electrostatic field produced in ac- 
cordance with the electrostatic latent image are viewed 
from an outside of the image display device through the 
transparent substrate. The formation of the electrostatic 
latent image can be performed by a method in which the 
electrostatic latent image obtained by a normal electro 
photographic system using an electro photographic 
photo-conductor is transferred on the image display 
substrate or by a method in which the electrostatic latent 
image is directly formed by means of an ion flow or an 



electrostatic record head. 

[0067] Fig. 3a shows a state such that the negatively 
chargeable particles 15 are arranged between the op- 
posed two substrates, Fig. 3b illustrates a state such 
5 that a side of the transparent substrate 11 is a positive 
electrostatic field, and Fig. 11c depicts a state such that 
a side of the opposed substrate 1 2 is a positive electro- 
static field. Its driving theory is the same as that of the 
image display panel using the electrodes shown in Figs. 
2a - 2c. 

[0068] In Figs. 4a - 4c, the display electrode 13, the 
opposed electrode 14 the color plate 17 and an insula- 
tion member 18 are arranged at a side of the opposed 
substrate 12 opposed to the transparent substrate 11. 
As shown in Fig. 4a, the negatively chargeable particles 
1 5 are arranged in the space between the opposed sub- 
strates 11 and 12 surrounded by the partition walls 16. 
Under such a condition, if a voltage is applied from a 
power source in such a manner that aside of the display 
electrode 13 becomes a low potential and a side of the 
opposed electrode 14 becomes a high potential, the 
negatively chargeable particles 15 are moved and ad- 
hered to a side of the opposed electrode 14 by means 
of an electrostatic force as shown in Fig. 4b. In this case, 
the display surface viewed from a side of the transparent 
substrate 1 1 looks like a color of the color plate 1 7. Then , 
if a voltage is applied in such a manner that the display 
electrode 13 becomes a high potential and the opposed 
electrode 14 becomes a low potential by switching the 
potentials, the negatively chargeable particles 15 are 
moved and adhered to a side of the display electrode 
13 by means of an electrostatic force as shown in Fig. 
4c. In this case, the display surface viewed from a side 
of the transparent substrate 11 looks like a color of the 
negatively chargeable particles 15. 
[0069] It is possible to display repeatedly the states 
shown in Figs. 4b and 4c only by reversing the potentials 
as mentioned above, and thus it is possible to change 
colors of the display surface reversibly by reversing the 
potentials of the power source. 
[0070] In the embodiment mentioned above, the ex- 
planation is made to a case such that the negatively 
chargeable particles are used as the chargeable parti- 
cles, but it is possible to construct the reversible display 
panel in accordance with the same theory even if use is 
made of the positively chargeable particles as the 
chargeable particles. 

[0071] Then, one construction of the image display 
panel using the particles © mentioned above as the 
chargeable particles will be explained with reference to 
Figs. 5a - 5c and Figs. 6a - 6c. Figs. 5a - 5c and Figs. 
6a - 6c are cross sectional views respectively showing 
one embodiment of the image display panel according 
to the invention. 

[0072] In the image display panel shown in Figs. 5a - 
5c, two groups of particles having different colors and 
different charge characteristics are sealed between the 
transparent substrate 11 and the opposed substrate 12 
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in a space defined by the partition wails 1 6, and the par- 
ticles are moved by means of an electrostatic force pro- 
duced by applying an electrostatic field produced from 
two groups of electrodes having different potentials to 
the particles, so as to display the image. In the image 
display panel mentioned above, two groups of elec- 
trodes 13 and 14 having different potentials are ar- 
ranged through the insulation member 1 8 to a side of 
the opposed substrate opposed to the transparent sub- 
strate 11. 

[0073] Fig. 5a shows a state such that the negatively 
chargeable particles 15A and the positively chargeable 
particles 15B are arranged between the opposed sub- 
strates 11 and 12. Under such a condition, if a voltage 
is applied from the power source in such a manner that 
a side of the display electrode 13 becomes a low poten- 
tial and a side of the opposed substrate 14 becomes a 
high potential, the positively chargeable particles 15B 
are moved and adhered to a side of the display elec- 
trode, while the negatively chargeable particles 1 5A are 
moved and adhered to a side of the opposed electrode 
14, by means of an electrostatic force as shown in Fig. 
5b. In this case, the display surface viewed from the 
transparent substrate looks like a color of the negatively 
chargeable particles 15. 

[0074] It is possible to display repeatedly the states 
shown in Figs. 5b and 5c only by reversing the potentials 
as mentioned above, and thus it is possible to change 
colors of the display surface reversibly by reversing the 
potentials of the power source. For example, if it is as- 
sumed that the negatively chargeable particles 15A are 
a white color and the positively chargeable particles 1 5B 
are a black color, or, that the negatively chargeable par- 
ticles 15A are a black color and the positively chargea- 
ble particles 1 5B are a white color, the reversible display 
between white color and black color can be achieved. 
[0075] In the image display panel shown in Figs. 6a - 
6c, the transparent display electrode 13 is arranged to 
an inner side of the transparent substrate 11 in a space 
defined by partition walls 16 and the opposed electrode 
1 4 is arranged to an inner side of the opposed substrate 
12 in the space defined by the partition walls 16. The 
negatively chargeable particles 15A and the positively 
chargeable particles 15B are arranged between the 
transparent substrate 11 and the opposed substrate 12 
in the space surrounded by the partition walls 16. 
[0076] Fig. 6a shows a state in which a voltage is not 
applied. Under such a condition, if a voltage is applied 
from the power source not shown in such a manner that 
a side of the display electrode 13 becomes a high po- 
tential and a side of the opposed electrode 14 becomes 
a low potential, the negatively chargeable particles 15A 
are moved and adhered to a side of the transparent sub- 
strate 1 1 and the positively chargeable particles 1 5B are 
moved and adhered to a side of the opposed substrate 
12 by means of an electrostatic force as shown in Fig. 
6b. In this case, the display surface viewed from a side 
of the transparent substrate 11 looks like a color of the 



negatively chargeable particles 15A. Then, if a voltage 
is applied in such a manner that the display electrode 

13 becomes a low potential and the opposed electrode 

1 4 becomes a high potential by switching the potentials, 
5 the negatively chargeable particles 1 5A are moved and 

adhered to a side of the opposed substrate 12 and the 
positively chargeable particles 15B are moved and ad- 
hered to a side of the transparent substrate 1 1 by means 
of an electrostatic force as shown in Fig. 6c. in this case, 
the display surface viewed from a side of the transparent 
substrate 11 looks like a color of the positively charge- 
able particles 15B. 

[0077] It is possible to display repeatedly the states 
shown in Figs. 6b and 6c only by reversing the potentials 
as mentioned above, and thus it is possible to change 
colors of the display surface reversibly by reversing the 
potentials of the power source. For example, if it is as- 
sumed that the negatively chargeable particles 1 5A are 
a white color and the positively chargeable particles 1 5B 
are a black color, or, that the negatively chargeable par- 
ticles 1 5A are a black color and the positively chargea- 
ble particles 1 5B are a white color, the reversible display 
between white color and black color can be achieved. 
[0078] Also in the image display panel using the par- 
ticles @ , as is the same as the embodiment shown in 
Fig. 2, the display method in which no electrode is ar- 
ranged may be applied (this figure is not shown here). 
That is, an electrostatic latent image is applied to an out- 
er surface of the substrate, and the particles having pre- 
determined charge characteristics and colors are pulled 
or rebound to the substrate by means of an electrostatic 
field produced in accordance with the electrostatic latent 
image are viewed from an outside of the image display 
device through the transparent substrate. 
[0079] In the image display panels shown in Figs. 2 - 
6, since respective chargeable particles are adhered to 
the electrode by means of an imaging force, a display 
image can be maintained for a long time after a voltage 
apply is stopped, thereby showing an excellent memory 
property. 

[0080] Moreover, in the embodiments mentioned 
above, the explanation is made to the example using 
the particles, but the same explanation can be applied 
to the example using the liquid powders. 
[0081] Then, respective construction members of the 
image display panels mentioned above will be ex- 
plained. 

[0082] As the substrate, it is preferred that at least one 
substrate is a transparent substrate through which a 
color of the particles or a color of the color plate can be 
observed from outside of the display panel and use is 
made of a material having an excellent transmission fac- 
tor of visual light and an excellent heat resistance. The 
opposed substrate may be transparent or may be 
opaque. 

[0083] Examples of the substrate material include pol- 
ymer sheets such as polyethylene terephthalate, poly- 
ether sulfone, polyethylene, polycarbonate, polyimide, 
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acryl or silicone resin and inorganic sheets such as 
glass, quartz or so. 

[0084] The thickness of the substrate is preferably 2 
to 5000 pm, more preferably 5 to 1000 pm. When the 
thickness is too thin, it becomes difficult to maintain 
strength and distance uniformity between the sub- 
strates, and when the thickness is too thick, vividness 
and contrast as a display capability degrade. 
[0085] With respect to the electrodes, in the case that 
use is made of the transparent electrode as the display 
electrode 13 shown in Figs. 1 and 6, the display elec- 
trode is formed of electroconductive materials, which 
are transparent and have pattern formation capability, 
on the transparent substrate. As such electroconductive 
materials, metals such as aluminum, silver, nickel, cop- 
per and gold, or transparent electroconductive metal ox- 
ides such as ITO, electroconductive tin oxide and elec- 
troconductive zinc oxide formed in the shape of thin film 
by sputtering method, vacuum vapor deposition meth- 
od, CVD method, and coating method, or coated mate- 
rials obtained by applying the mixed solution of an elec- 
troconductive agent with a solvent or a synthetic resin 
binder are used. 

[0086] Typical examples of the electroconductive ma- 
terials include cationic polyelectrolyte such as benzylt- 
rimethylammonium chloride, tetrabutylammonium per- 
chlorate and so on, anionic polyelectrolyte such as pol- 
ystyrenesulfonate, polyacrylate, and so on, or electro- 
conductive fine powders of zinc oxide, tin oxide, or indi- 
um oxide. Additionally, the thickness of the electrode 
may be suitable unless the electroconductivity is absent 
or any hindrance exists in optical transparency, and it is 
preferable to be 3 to 1000 nm, more preferable to be 5 
to 400 nm. The foregoing transparent electrode materi- 
als can be employed as the electrode arranged on the 
opposed substrate. However, non-transparent elec- 
trode materials such as aluminum, silver, nickel, copper, 
and gold can be also employed if it is not necessary to 
use the transparent electrode. Particularly, it is preferred 
to use the metal electrode having a low resistance and 
inexpensive cost such as aluminum, copper and so on. 
[0087] It is preferred that an insulation coating layer 
is formed on the electrode so as not to reduce charges 
of the charged particles. As such insulation coating lay- 
er, if use is made of a positively chargeable resin with 
respect to the negatively chargeable particles and a 
negatively chargeable resin with respect to the positive- 
ly chargeable particles, the charges of the particles are 
to be difficult to reduce and it is particularly preferable. 
[0088] In this case, as the applied outer voltage, use 
may be made of a direct current, or may be superim- 
posed with a direct current or an alternate current. 
[0089] In the image display panel used in this inven- 
tion, it is preferable to form partition walls 16 around 
each display element as shown in respective figures. 
The partition walls may be formed in two parallel direc- 
tions. By this structure, unnecessary particle movement 
in the direction parallel with the substrate is prevented. 



Further, durability repeatability and memory retention 
are assisted. At the same time, the distance between 
the substrates is made uniform as reinforcing the 
strength of an image display panel. 

5 [0090] The formation method of the partition wall is 
not particularly restricted, however, a screen printing 
method wherein pastes are overlapped by coating re- 
peatedly on a predetermined position by screen plate; 
a sandblast method wherein partition materials are 

10 painted with a desired thickness entirely over the sub- 
strate and then after coating resist pattern on the parti- 
tion materials which is wanted to be left as a partition, 
jetting abrasive to cut and remove partition materials 
aside from the partition part; lift-off method (additive 

15 method) wherein a resist pattern is formed on the sub- 
strate using photosensitive polymer, and then after bur- 
ying paste into a resist recess, removing the resist; pho- 
tosensitive paste method wherein the photosensitive 
resin composition containing the partition materials is 

20 applied over the substrate and then obtaining a desired 
pattern by exposure & developing; and mold formation 
method wherein paste containing the partition materials 
is applied overthe substrate and then forming a partition 
by compression bonding & pressure forming the dies 

25 having rugged structure; and so on are adopted. Fur- 
ther, modifying the mold formation method, relief em- 
bossing method wherein a relief pattern provided by a 
photosensitive polymer composition is used as a mold 
is also adopted. 

30 [0091] As the chargeable particles, although any of 
colored particles negatively or positively chargeable 
having capability of easily moving by an electrostatic 
force are employable, spherical particles with light spe- 
cific gravity and excellent chargeable property are par- 

35 ticularly preferable. 

[0092] In the case of the image display panels shown 
in Figs. 2 - 4, the particles are constructed by the single 
color particles, and it is preferred to use the particles 
having a white color or a black color. The average par- 

40 tide diameter is preferable to be 0.1 to 50 urn, particu- 
larly to be 1 to 30 nm. When the particle diameter is less 
than this range, charge density of the particles will be 
so large that an imaging force to an electrode and a sub- 
strate becomes too strong; resulting in poor following 

45 ability at the inversion of its electric field, although the 
memory characteristic is favorable. On the contrary, 
when the particle diameter exceeds the range, the fol- 
lowing ability is favorable, however, the memory char- 
acteristic will degrade. 

so [0093] Although the method for charging the particles 
negatively or positively is not particularly limited, a co- 
rona discharge method, an electrode injection-charge 
method, a friction charge method and so on are employ- 
able. A charge amount of the particles is depend on the 

55 measuring condition, i.e., the charge amount of the par- 
ticles in the image display device is depend on its initial 
charge amount, a contact with the substrate, a contact 
between the particles having different kinds, and a 
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charge decrease due to a lapse of time. Particularly, it 
is understood that a main factor is "the contact between 
the particles having different kinds", i.e., a saturated val- 
ue of a charge behavior due to the contact between two 
particles. Therefore, it is important to know a difference 5 
of the charge characteristics between two particles on 
the charge amount, i.e., to know a difference of a work 
function. However, it is difficult to know these differences 
by an easy measurement. 

[0094] The inventors investigated theses differences to 
and find that it is possible to estimate these differences 
relatively by using same carriers and measuring the 
charge amount of respective particles by means of a 
blow-off method. Moreover, if the measuring results are 
defined by a surface charge density, it is possible to per- 15 
form an estimation of the charge amount of the particles 
as a suitable method for the image display device. 
[0095] The measuring method will be explained later 
in detail. By performing the blow-off method, it is possi- 
ble to contact the particles and the carrier particles suf- 20 
ficiently and to measure the charge amount per unit 
weight of respective particles by measuring its saturated 
charge amount. Then, it is possible to calculate the sur- 
face charge density of respective particles by obtaining 
a particle diameter and a specific gravity of respective 25 
particles separately. 

[0096] In the image display device, since a particle di- 
ameter of the particles to be used is small and an affec- 
tion of gravity is too small to neglect its affection, the 
specific gravity is not affected to the movement of the 30 
particles. However, on the charge amount of the parti- 
cles, if the particles have a same particle diameter and 
a same average charge amount per unit weight, the 
maintained charge amounts are different by two times 
in the case that the specific gravities of the particles are 35 
different by two times. Therefore, it is understood that it 
is preferred to estimate the charge characteristics of the 
particles used in the image display device by the surface 
charge density (unit: n.C/m 2 ) which is irrelevant to the 
specific gravity of the particles. *o 
[0097] In the image display panel utilizingthe particles 
@ , it is necessary to obtain some degree of difference 
on the surface charge density so as to differentiate the 
moving directions of the two particles, but it is not always 
necessary to make the difference on the surface charge 45 
density larger. In the image display device utilizing the 
particle movement, when a particle diameter of the par- 
ticles is large, the main factor for determining a fly/move 
electrostatic field (voltage) of the particles is an electric 
imaging force. Therefore, in order to move the particles so 
by a low electrostatic field (voltage), it is preferred to 
make the charge amount low. Moreover, when a particle 
diameter of the particles is small, the main factor for de- 
termining the fly/move electrostatic field (voltage) is a 
non-electric force such as an intermolecular force, a liq- 55 
uid bridging force and so on. Therefore, in order to move 
the particles by a low electrostatic field (voltage), it is 
preferred to make the charge amount high. However, 



since theses phenomena are largely depend on surface 
properties (material, shape) of the particles, it is not pos- 
sible to define only by the particle diameter and the 
charge amount. 

[0098] The inventors find that, in the image display 
panel utilizing the particles having an average par- 
ticle diameter of 0.1 - 50 jim, when the absolute value 
of the difference between the surface charge densities 
of two groups of particles, which are measured by the 
blow-off method using the same kind of particles, is 5 - 
150 n,C/m 2 , it is possible to obtain the particles usable 
for the image display device. 

[0099] Measuring theory and method of the blow-off 
method are as follows. In the blow-off method, a mixture 
of the particles and the carriers are placed into a cylin- 
drical container with nets at both ends, and high-pres- 
sure gas is blown from the one end to separate the par- 
ticles and the carriers, and then only the particles are 
blown off from the mesh of the net. In this occasion, 
charge amount of reverse blown polarity remains on the 
carriers with the same charge amount of the particles 
carried away out of the container. Then, all of electric 
flux by this electric charge are collected to Faraday 
cage, and are charged across a capacitor with this 
amount. Accordingly, the charge amount of the particles 
is determined as Q=CV (C: capacity, V: voltage across 
both ends of the capacitor) by measuring potential of 
both ends of the capacitor. 

[0100] In the invention, as a blow-off powder charge 
amount measuring instrument, TB-200 produced by 
Toshiba Chemical Co., Ltd. was used, and F963-2535 
available from Powder TEC Co., Ltd. was employed as 
the same kind of carriers. Then, the charge density per 
unit surface area (unit: p.C/m 2 ) was measured. 
[0101] The particle diameter was measured in ac- 
cordance with the following method. Moreover, the spe- 
cific gravity was measured with the use of a hydrometer 
produced by Shimadzu Seisakusho Ltd. (brand name: 
Multi volume Density Meter H1305). 
[0102] Specifically, the particle diameter was meas- 
ured by means of a measuring apparatus Mastersizer 
2000 (Malvern Instruments Ltd.) wherein the particles 
setting in a nitrogen gas flow are calculated by an in- 
stalled analysis software (which is based on a volume 
standard distribution due to Mie's theory). Then, it was 
assumed that an average particle diameter d(0.5) (p.m) 
was a particle diameter indicated by jim at which the 
particle diameters of 50 % of particles were larger and 
the particle diameters of 50 % of particles were smaller. 
[01 03] Because it is necessary for the particles to hold 
the charged electric charge, insulating particles with the 
volume specific resistance of 1 x10 10 Q-cm or greater 
are preferable, and in particular, insulating particles with 
the volume specific resistance of 1 x 1 0 1 2 Q-cm or great- 
er are more preferable. 

[0104] Further, the particles with slow charge attenu- 
ation property evaluated by the measuring method be- 
low are more preferable. 
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[0105] That is, the particles are made into a film hav- 
ing a thickness of 5 - 1 00 jun by means of a press meth- 
od, a heating/melting method, a casting method and so 
on, and the voltage of 8 kV is applied to a Corona gen- 
erator disposed with a distance of 1 mm to the film sur- 
face so as to generate Corona discharge, which charges 
the film surface. Then, the change of the surface poten- 
tial is measured to determine the suitability. In this oc- 
casion, it is preferable to select the material whose max- 
imum surface potential will be greater than 300 V after 
0.3 seconds, more preferable to select the material 
whose maximum surface potential will be greater than 
400 V after 0.3 second as the material for composing 
the particles. 

[0106] Additionally, the foregoing surface potential is 
measured by means of an instrument (CRT2000 pro- 
duced by QEA Inc.) as shown in Fig. 7. In this instrument 
both end portions of a roll shaft 20 being held with chuck 
21, compact scorotron discharger 22 and surface po- 
tential meter 23 are spaced with predetermined interval 
to form a measurement unit 24. Facedly deploying the 
measurement unit 24 with a distance of 1 mm from the 
surface of the roll shaft 20 to which a sample film is pro- 
vided, and by movingthe measurement unit 24 from one 
end portion of the roll shaft 20 to the other end portion 
with an uniform speed, with the state that the roll shaft 
20 remains stopping and while giving surface charge, a 
method of measuring its surface potential is preferably 
adopted. Moreover, measurement environment should 
be settled at the temperature of 25 ± 3°C and the hu- 
midity of 55±5%RH. 

[0107] If the particles used in this invention satisfy 
electrostatic property and so on, the particles may be 
formed by any materials. For example, it is formed by 
resin, charge control agent, coloring agent, inorganic 
additive and so on, or, by coloring agent and so on only. 
[0108] Typical examples of the resin include urethane 
resin, urea resin, acrylic resin, polyester resin, acryl ure- 
thane resin, acryl urethane silicone resin, acryl urethane 
fluorocarbon polymers, acrylfluorocarbon polymers, sil- 
icone resin, acryl silicone resin, epoxy resin, polystyrene 
resin, styrene acrylic resin, polyolefin resin, butyral res- 
in, vinylidene chloride resin, melamine resin, phenolic 
resin, fluorocarbon polymers, polycarbonate resin, 
polysulfon resin, polyether resin, and polyamide resin. 
Two kinds or more of these may be mixed and used. For 
the purpose of controlling the attaching force with the 
substrate, acryl urethane resin, acryl silicone resin, acryl 
fluorocarbon polymers, acryl urethane silicone resin, 
acryl urethane fluorocarbon polymers, fluorocarbon pol- 
ymers, silicone resin are particularly preferable. 
[0109] Examples of the electric charge control agent 
include, but not particularly specified to, negative charge 
control agent such as salicylic acid metal complex, met- 
al containing azo dye, oil-soluble dye of metal-contain- 
ing (containing a metal ion or a metal atom), the fourth 
grade ammonium salt-based compound, calixarene 
compound, boron-containing compound (benzyl acid 



boron complex), and nitroimidazole derivative. Exam- 
ples of the positive charge control agent include nigro- 
sine dye, triphenylmethane compound, the fourth grade 
ammonium salt compound, polyamine resin, imidazole 
5 derivatives, etc. 

[0110] Additionally, metal oxides such as ultra-fine 
particles of silica, ultra-fine particles of titanium oxide, 
ultra-fine particles of alumina, and so on; nitrogen-con- 
taining circular compound such as pyridine, and so on, 
and these derivates or salts; and resins containing var- 
ious organic pigments, fluorine, chlorine, nitrogen, etc. 
can be employed as the electric charge control agent. 
[0111] As for a coloring agent, various kinds of organ- 
ic or inorganic pigments or dye as will be described be- 
low are employable. 

[0112] Examples of black pigments include carbon 
black, copper oxide, manganese dioxide, aniline black, 
and activate carbon. 

[0113] Examples of yellow pigments include chrome 
yellow, zinc chromate, cadmium yellow, yellow iron ox- 
ide, mineral first yellow, nickel titanium yellow, navel or- 
ange yellow, naphthol yellow S, hanzayellow G, hanza- 
yellow 10G, benzidine yellow G, benzidine yellow GR, 
quinoline yellow lake, permanent yellow NCG, and tar- 
trazinelake. 

[0114] Examples of orange pigments include red 
chrome yellow, molybdenum orange, permanent or- 
ange GTR, pyrazolone orange, Balkan orange, indus- 
ren brilliant orange RK, benzidine orange G, and Indus- 
ren brilliant orange GK. 

[0115] Examples of red pigments include red oxide, 
cadmium red, diachylon, mercury sulfide, cadmium, 
permanent red 4R, lithol red, pyrazolone red, watching 
red, calcium salt, lake red D, brilliant carmine 6B, eosin 
lake, rhodamine lake B, alizarin lake, and brilliant car- 
mine 3B. 

[0116] Examples of purple pigments include manga- 
nese purple, first violet B, and methyl violet lake. 
[0117] Examples of blue pigments include Berlin blue, 
cobalt blue, alkali blue lake, Victoria blue lake, phthalo- 
cyanine blue, metal-free phthalocyanine blue, partially 
chlorinated phthalocyanine blue, first sky blue, and In- 
dusren blue BC. 

[0118] Examples of green pigments include chrome 
green, chromium oxide, pigment green B, Malachite 
green lake, and final yellow green G. 
[0119] Further, examples of white pigments include 
zinc white, titanium oxide, antimony white, and zinc sul- 
phide. 

[0120] Examples of extenders include baryta powder, 
barium carbonate, clay, silica, white carbon, talc, and 
alumina white. 

[0121] Furthermore, there are Nigrosine, Methylene 
Blue, rose bengal, quinoline yellow, and ultramarine 
blue as various dyes such as basic dye, acidic dye, dis- 
persion dye, direct dye, etc. 

[0122] These coloring agents may be used alone or 
in combination of two or more kinds thereof. 
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[0123] Particularly, carbon black is preferable as the 
black coloring agent, and titanium oxide is preferable as 
the white coloring agent. 

[01 24] Although the manufacturing method of the par- 
ticles is not specifically restricted, mixing/grinding meth- 5 
od or polymerization method for producing toner of elec- 
trophotography is, for example, similarly employable. 
Further the method of coating resin or charge control 
agent and so on over the surface of powders such as 
inorganic or organic pigments is also employable. to 
[0125] In the image display panels shown in Figs. 5 
and 6, the particles having different colors and different 
charge characteristics are selected from the chargeable 
particles mentioned above and used. Particularly, it is 
preferred to use a combination of the positively or neg- 15 
atively chargeable particles having a white color and the 
negatively or positively chargeable particles having the 
other color. In the normal case, the positively chargeable 
particles are used at positively chargeable particles : 
negatively chargeable particles = 1 : 0.5 - 1 .5 (volume 20 
ratio). 

[0126] The distance between the transparent sub- 
strate and the opposed substrate is suitably adjusted in 
a manner where the particles can move and maintain 
the contrast of image display; however, it is adjusted 25 
usually within 10 to 5000 \im, preferably within 30 to 500 
urn. Moreover, in the case such that the partition walls 
are arranged all around the display element, it is pre- 
ferred that a region defined by the partition walls is about 
35 - 500 \irr\ x 35 - 500 \im. 30 
[0127] The particle filling amount (volume occupying 
rate) of the particles existing in the space between the 
faced substrates is preferable to be 3 to 80%, more pref- 
erable to be 10 to 70%. 

[0128] In the image display panel according to the in- 35 
vention, use is preferably made of a member having a 
contact surface chargeable in a reverse charge charac- 
teristic with respect to the particles as at least one mem- 
ber to which the chargeable particles is contacted. That 
is, use is preferably made of the member having the pos- *o 
itively chargeable contact surface with respect to the 
negatively chargeable particles, and use is preferably 
made of the member having the negatively chargeable 
contact surface with respect to the positively chargeable 
particles. In this manner, the charged state of the parti- <s 
cles is maintained stably. As the members, use may be 
made of substrate, electrode, partition wall, color panel 
and so on to which the particles are contacted. In addi- 
tion, the whole member may be formed by a material 
chargeable in the reverse charge characteristic with re- so 
spect to the particles, and also the member, a part of 
which is coated by a material chargeable in the reverse 
charge characteristic with respect to the particles, may 
be used. 

[0129] In the image display panel mentioned above, 55 
plural of the foregoing display elements as shown in 
Figs. 2 - 6 are disposed in a matrix form, and images 
can be displayed. In the case of monochrome display, 
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one display element makes one pixel. 
[0130] In the image display panels shown in Figs. 2 - 
6, for example, the color plate is made to be a white color 
in the case such that use is made of the particles having 
a black color as the particles, and the color plate is made 
to be a black color in the case such that use is made of 
the particles having a white color as the particles, so that 
a white/black image can be displayed. In the case such 
that an image having arbitrary colors are displayed in- 
stead of the white/black image, such image can be 
achieved by suitably selecting the combination of the 
particle color and the color plate. In the case of full color 
displaying, three groups of display elements, i.e., one 
group of display elements each having color plate of R 
(red), G (green) and B (blue) respectively and each hav- 
ing particles of black composes a set of disposed ele- 
ments preferably resulting in the reversible image dis- 
play panel having the sets of the elements. 
[0131] Then, the liquid powders used instead of the 
particles will be explained. 

[0132] As mentioned above, the liquid powder is an 
intermediate material having both of liquid properties 
and particle properties and exhibiting a self-fluidity with- 
out utilizing gas force and liquid force. The liquid powder 
becomes particularly an aerosol state, and thus, in the 
image display device according to the invention, it is uti- 
lized under such a condition that a solid material is float- 
ed in a gas as a dispersant in a relatively stable manner. 
[0133] As the aerosol state, it is preferred that an ap- 
parent volume in a maximum floating state is two times 
or more than that in none floating state, more preferably 
2.5 times or more than that in none floating state, and 
most preferably three times or more than that in none 
floating state. In this case, an upper limit is not defined, 
but it is preferred that an apparent volume is 12 times 
or smaller than that in none floating state. 
[0134] If the apparent volume in the maximum floating 
state is smaller than two times, a display controlling be- 
comes difficult. On the other hand, if the apparent vol- 
ume in the maximum floating state is larger than 12 
times, a handling inconvenience during a liquid powder 
filling operation into the device such as a particle over- 
scattering occurs. That is, it is measured by filling the 
liquid powder in a transparent closed vessel through 
which the liquid powder is seen; vibrating or dropping 
the vessel itself to obtain a maximum floating state; and 
measuring an apparent volume at that time from outside 
of the vessel. Specifically, the liquid powder having a 
volume 1/5 of the vessel is filled as the liquid powder in 
a vessel with a polypropylene cap having a diameter (in- 
ner diameter) of 6 cm and a height of 10 cm (product 
name l-boy® produced by As-one Co., Ltd.), the vessel 
is set in the vibrator, and a vibration wherein a distance 
of 6 cm is repeated at a speed of 3 reciprocating/sec. is 
performed for 3 hours. Then, the apparent volume in the 
maximum floating state is obtained from an apparent 
volume just after a vibration stop. 
[0135] Moreover, in the image display device accord- 
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ing to the invention, it is preferred that a time change of 
the apparent volume of the liquid powder satisfies the 
floating formula: 

V 10 /V 5 >0.8; 

here, V 5 indicates the apparent volume (cm 3 ) of the liq- 
uid powder after 5 minutes from the maximum floating 
state; and V 10 indicates the apparent volume (cm 3 ) of 
the liquid powder after 10 minutes from the maximum 
floating state. In this case, in the image display device 
according to the invention, it Is preferred to set the time 
change V 1 JM S of the apparent volume of the liquid pow- 
der to larger than 0.85, more preferably larger than 0.9, 
most preferably larger than 0.95. If the time change V 10 / 
V 5 is not larger than 0.8, the liquid powder is substan- 
tially equal to normal particles, and thus it is not possible 
to maintain a high speed response and durability ac- 
cording to the invention. 

[0136] Moreover, it is preferred that the average par- 
ticle diameter (d(0.5)) of the particle materials constitut- 
ing the liquid powder is 0.1 - 20 nm, more preferably 0.5 
- 15 fim, most preferably 0.9 - 8 \vx\. If the average par- 
ticle diameter (d(0.5)) is less than 0.1 nm, a display con- 
trolling becomes difficult. On the other hand, if the aver- 
age particle diameter (d(0.5)) is larger than 20 urn, a 
display is possible, but opacifying power is decreased 
and thus a thin shape device is difficult. Here, the aver- 
age particle diameter (d(0.5)) of the particle materials 
constituting the liquid powder is equal to d(0.5) in the 
following particle diameter distribution Span. 
[01 37] It is preferred that particle diameter distribution 
Span of the particle material constituting the liquid pow- 
der, which is defined by the following formula, is not 
more than 5 preferably not more than 3: 
[0138] Particle diameter distribution Span = (d(0.9) - 
d(0. 1 ))/d(0.5) ; here, d(0.5) means a value of the particle 
diameter expressed by \im wherein an amount of the 
particle material constituting the liquid powder having 
the particle diameter larger than this value is 50% and 
an amount of the particle material constituting the liquid 
powder having the particle diameter expressed by jim 
wherein an amount of the particle material constituting 
the liquid powder having a particle diameter smaller than 
this value is 10%, and d(0.9) means a value of the par- 
ticle diameter expressed by urn wherein an amount of 
the particle material constituting the liquid powder hav- 
ing the particle diameter smaller than this value is 90%. 
If the particle diameter distribution Span of the particle 
materials constituting the liquid powder is set to not 
more than 5, the particle diameter becomes even and it 
is possible to perform an even liquid powder movement. 
[01 39] Here, the particle diameter distribution and the 
particle diameter mentioned above can be measured by 
means of a laser diffraction / scattering method. When 
a laser light is incident upon the particles to be meas- 
ured, a light intensity distribution pattern due to a diffrac- 



tion / scattering light occurs spatially. This light intensity 
distribution pattern corresponds to the particle diameter, 
and thus it is possible to measure the particle diameter 
and the particle diameter distribution. In the present in- 
vention, it is defined that the particle diameter and the 
particle diameter distribution are obtained by a volume 
standard distribution. Specifically, the particle diameter 
and the particle diameter distribution can be measured 
by means of a measuring apparatus Mastersizer 2000 
(Malvern Instruments Ltd.) wherein the particles setting 
in a nitrogen gas flow are calculated by an installed anal- 
ysis software (which is based on a volume standard dis- 
tribution due to Mie's theory). 

[0140] The liquid powder may be formed by mixing 
necessary resin, charge control agent, coloring agent, 
additive and so on and grinding them, or, by polymeriz- 
ing from monomer, or, by coating a particle with resin, 
charge control agent, coloring agent, and additive and 
so on. Hereinafter, typical examples of resin, charge 
control agent, coloring agent, additive and so on consti- 
tuting the liquid powder will be explained. 
[0141] Typical examples of the resin include urethane 
resin, acrylic resin, polyester resin, acryl urethane resin, 
silicone resin, nylon resin, epoxy resin, styrene resin, 
butyral resin, vinylidene chloride resin, melamine resin, 
phenolic resin, fluorocarbon polymers, and it is possible 
to combine two or more resins. For the purpose of con- 
trolling the attaching force with the substrate, acryl ure- 
thane resin, acryl urethane silicone resin, acryl urethane 
fluorocarbon polymers, urethane resin, fluorocarbon 
polymers are preferably used. 
[0142] Examples of the electric charge control agent 
include, positive charge control agent include the fourth 
grade ammonium salt compound, nigrosine dye, triphe- 
nylmethane compound, imidazole derivatives, and so 
on, and negative charge control agent such as metal 
containing azo dye, salicylic acid metal complex, ni- 
troimidazole derivative and so on. 
[0143] As for a coloring agent, various kinds of basic 
or acidic dye may be employable. Examples include Ni- 
grosine, Methylene Blue, quinoline yellow, rose bengal 
and do on. 

[01 44] Examples of the inorganic additives include ti- 
tanium oxide, Chinese white, zinc sulfide, antimonial ox- 
ide, calcium carbonate, zinc white, talc, silica, calcium 
silicate, alumina white, cadmium yellow, cadmium red, 
cadmium orange, titanium yellow, iron blue, ultramarine 
blue, cobalt blue, cobalt green , cobalt violet, ferric oxide, 
carbon black, copper powder, aluminum powder and so 
on. 

[01 45] However, if the above materials are only mixed 
or coated with no contrivance, the liquid powder exhib- 
iting an aerosol state cannot be obtained. The regular 
method of forming the liquid powder exhibiting an aero- 
sol state is not defined, but the following method is pref- 
erably used. 

[0146] At first, inorganic fine particles having an aver- 
age particle size of 20 - 100 nm preferably 20 - B0 nm 
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are preferably fixed on a surface of materials constitut- 
ing the liquid powder. Moreover, it is preferred to treat 
the inorganic fine particles by a silicone oil. Here, as for 
the inorganic fine particles, use may be made of silicone 
dioxide (silica), zinc oxide, aluminum oxide, magnesium s 
oxide, cerium oxide, ferric oxide, copper oxide and so 
on. In this case, a method of fixing the inorganic fine 
particles is important. For example, use may be made 
of hybridizer (NARA-KIKAI Industry Co., Ltd.) or mech- 
ano-fusion (Hosokawa Micron Co., Ltd.), and the liquid 10 
powders showing an aerosol state are formed under a 
predetermined condition (for example processing time). 
[0147] Here, in order to further improve a repeating 
durability, it is effective to control a stability of the resin 
constituting the liquid powder, especially, a water ab- *s 
sorbing rate and a solvent insoluble rate. It is preferred 
that the water absorbing rate of the resin constituting the 
liquid powder sealed between the substrates is not more 
than 3 wt % especially not more than 2 wt %. In this 
case, a measurement of the water absorbing rate is per- 20 
formed according to ASTM-D570 and a measuring con- 
dition is 23°C for 24 hours. As for the solvent insoluble 
rate of the liquid powder, it is preferred that a solvent 
insoluble rate of the liquid powder, which is defined by 
the following formula, is not less than 50% more prefer- 25 
ably not less than 70%: 

solvent insoluble rate (%) = (B/A) x 100; 

30 

(here, A is a weight of the liquid powder before being 
immersed into the solvent and B is a weight of resin com- 
ponents after the liquid powder is immersed into good 
solvent at 25°C for 24 hours). 

[0148] If the solvent insoluble rate is less than 50%, 35 
a bleed is generated on a surface of the particle material 
constituting the liquid powder when maintaining for a 
long time. In this case, it affects an adhesion power with 
the liquid powder and prevents a movement of the liquid 
powder. Therefore, there is a case such that it affects a *o 
durability of the image display. Here, as a solvent (good 
solvent) for measuring the solvent insoluble rate, it is 
preferred to use fluoroplastic such as methyl ethyl ke- 
tone and so on, poiyamide resin such as methanol and 
so on, acrylic urethane resin such as methyl ethyl ke- 45 
tone, toluene and so on, melamine resin such as ace- 
tone, isopropanol and so on, silicone resin such as tol- 
uene and so on. 

[01 49] As for a filling amount of the liquid powder, it is 
preferred to control an occupied volume (volume occu- so 
pied rate) of the liquid powder to 5 - 85 vol %, more pref- 
erably 5 - 65 vol %, most preferably 1 0 - 55 vol % of a 
space between the opposed substrates. Since the liquid 
powder exhibits an aerosol state, it is difficult to use a 
normal filling method for filling the liquid powder in the 55 
display device. In this case, it is preferred to use an elec- 
trostatic plating apparatus and to adhere the liquid pow- 
der to the substrate by force so as to perform an easy 



handling. In addition, the liquid powder may be adhered 
to one of the substrates or may be adhered to both of 
the substrates, and then the substrates are connected. 
[0150] Further, in the present invention, it is important 
to control a gas in a gap surrounding the particles or the 
liquid powders between the substrates, and a suitable 
gas control contributes an improvement of display sta- 
bility. Specifically, it is important to control a humidity of 
the gap gas to not more than 60% RH at 25°C, prefer- 
ably not more than 50% RH, more preferably not more 
than 35% RH. The above gap means a gas portion sur- 
rounding the particles or the liquid powders obtained by 
substituting an occupied portion of the particles or the 
liquid powder 15, an occupied portion of the partition 
walls 1 6 and a seal portion of the device from the space 
between the transparent substrate 11 and the opposed 
substrate 12 for example in Figs. 2a - 2c. 
[0151] A kind of the gap gas is not limited if it has the 
humidity mentioned above, but it is preferred to use dry 
air, dry nitrogen gas, dry helium gas, dry carbon dioxide 
gas, dry methane gas and so on. it is necessary to seal 
this gas in the device so as to maintain the humidity 
mentioned above. For example, it is important to per- 
form the operations of filling the liquid powder and as- 
sembling the substrate under an atmosphere having a 
predetermined h umidity and to apply a seal member and 
a seal method for preventing a humidity inclusion from 
outside of the device. Moreover, the gap portion may be 
a pressure reducing state such as 10 5 - 10 -4 Pa. 

Explanation of the first aspect of the invention> 

[0152] Then, in the image display device according to 
the first aspect of the invention, an example of actual 
image display using the chargeable particles© men- 
tioned above and an example of actual image display 
using the chargeable particles© mentioned above will 
be explained. 

[Image display panel using the chargeable particles© 
mentioned above] 

[0153] The image display device having a display el- 
ement with a structure shown in Fig. 2 was prepared. A 
glass substrate (thickness: 2 mm) was employed as the 
transparent substrate and the opposed substrate. The 
display electrode was made of ITO electrode and the 
opposed electrode was made of copper electrode. In 
this case, on the surfaces of respective electrodes, an 
insulating silicone resin was coated with the thickness 
about 3 \xm for the purpose of preventing an adhesion 
and a charge leakage. Black toners (spherical toners 
with average particle diameter of 8 urn, surface charge 
density of -40 jiC/m 2 , the surface potential of 450 V at 
0.3 second after the foregoing surface potential meas- 
urement) for electro-photography were employed as the 
negatively chargeable particles. The height of the parti- 
tion wall (distance between substrates) was set to 200 



14 



25 



EP 1 542 067 A1 



lim and the filling amount of the negatively chargeable 
particles was set to 30 % of the space volume. The 
space surrounded by the partition walls was 300 jxm x 
300 jim x 200 urn (distance between substrates). Use 
was made of a resin plate having a white color as the 
color plate. 

[01 54] When DC voltage of 200 V was applied in such 
a manner that a side of the display electrode was a high 
potential and a side of the opposed electrode was a low 
potential, the negatively chargeable particles were 
moved towards the display electrode and adhered, so 
that a black color was displayed on the image display 
element. Then, if the applied voltage was inversed, the 
negatively chargeable particles were moved towards 
the opposed electrode and adhered, so that a white 
color was displayed on the image display element. 
[0155] The response time for the applied voltage was 
measured to be 1 msec. Even after leaving the display 
device cutting off the applied voltage for one day, each 
display was maintained. 

[0156] Further, although the polarity of the applied 
voltage was reversed repeatedly for 100,000 times, 
there was almost no variation of the response rate. 

[Image display panel using the chargeable particles© 
mentioned above] 

[01 57] The image display device having a display el- 
ement with a structure shown in Fig. 5 was prepared. A 
glass substrate (thickness: 2 mm) was employed as the 
transparent substrate and an epoxy substrate (thick- 
ness: 3 mm) was employed as the opposed substrate. 
The display electrode and the opposed electrode were 
made of copper electrode. In this case, on the surfaces 
of respective electrodes, an insulating silicone resin was 
coated with the thickness about 3 urn for the purpose of 
preventing an adhesion and a charge leakage. Black 
toners (spherical toners with average particle diameter 
of 8 jim, surface charge density of -50 |iC/m 2 , the sur- 
face potential of 450 V at 0.3 second after the foregoing 
surface potential measurement) for electro-photogra- 
phy were employed as the negatively chargeable parti- 
cles. Polymerized particles of styrene-acrylic resin 
(spherical toners with average particle diameter of 8 urn, 
surface charge density of +45 p,C/m 2 , the surface po- 
tential of 500 V at 0.3 second after the foregoing surface 
potential measurement) produced by using titanium ox- 
ide as the white pigment and ammonium salt compound 
of fourth grade as the electric charge control agent were 
employed as the positively chargeable particles. For the 
purpose of charging the particles, an equivalent amount 
of both particles were mixed and agitated and f rictional 
charging was conducted. The height of the partition wall 
(distance between substrates) was set to 200 urn, and 
the filling amount of the negatively chargeable particles 
and the positively chargeable particles among the space 
between the substrates was adjusted to 70 %. The 
space surrounded by the partition walls was 300 \im x 
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300 iim x 200 \im (distance between substrates). 
[0158] When DC voltage of 200 V was applied in such 
a manner that a side of the display electrode was a high 
potential and a side of the opposed electrode was a low 

5 potential, the negatively chargeable particles were 
moved towards the display electrode and adhered, so 
that a white color was displayed on the image display 
element. Then, if the applied voltage was inversed, the 
positively chargeable particles were moved towards the 

10 display electrode and adhered, so that a black color was 
displayed on the image display element. 
[01 59] The response time for the applied voltage was 
measured to be 1 msec. Even after leaving the display 
device cutting off the applied voltage for one day, each 

is display was maintained. 

[0160] Further, although the polarity of the applied 
voltage was reversed repeatedly for 100,000 times, 
there was almost no variation of the response rate. 
[0161] Then, a structure and an assembling state of 

20 the linear illuminant 3 used as the light emission means 
of the image display device according to the first aspect 
of the invention shown in Fig. 1 will be explained with 
reference to Figs. 8-16. 

[0162] Figs. 8 - 12 are schematic views respectively 

25 showing an actual example of the linear illuminant, in 
which: Fig. 8 is a perspective view; Fig. 9 is a cross sec- 
tional view along IX-IX line in Fig. 8; Fig. 10 is a per- 
spective view of the light transmission tube; Fig. 11 is a 
cross sectional view along XI-XI line in Fig. 1 0; and Fig. 

30 12 is a cross sectional view along XII-XII line in Fig. 11 . 
Figs. 13 - 15 are plan views respectively illustrating the 
assembling state of the light transmission tube, and Fig. 
1 6 is a cross sectional view along XVI-XVI line in Fig. 15. 
[0163] In the linear illuminants shown in Figs. 8 - 12, 

35 a light source unit 31 is arranged to one end surface of 
a light transmission tube 30. In addition, a reflection-lay- 
er is arranged to the other end surface of the light trans- 
mission tube according to need so as to prevent unnec- 
essary light leakage. 

40 [0164] A light emitting diode is provided in the light 
source unit 31 . One or one kind of the light emitting diode 
may be provided, but, in this embodiment, three light 
emitting diodes 32, 33, 34 having red color, blue color, 
yellow color respectively are arranged in such a manner 

45 that they are opposed to an end surface of the light 
transmission tube 30. 

[0165] In the light transmission tube 30, a stripe- 
shaped reflect ion -layer 37 is formed between a core 35 
and a tubular clad 36 covering the core 35 in such a 
so manner that it extends in a longitudinal direction of the 
tube. In this case, the reflection-layer 37 may be formed 
under a state such that it is slightly intruded in the core 
35 from its surface. 

[0166] The reflection-layer 37 is provided to aside op- 
55 posed to a side of the light transmission tube 30 to which 
a light is to be emitted. In this embodiment, the reflec- 
tion-layer 37 has a width of about half round of the core 
35 of the light emission tube 30, and a light is hardly 
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leaked from a side of the reflection-layer 37. 
[01 67] As a material constituting the core 35 (core ma- 
terial), use is made of a highly transparent material hav- 
ing a refraction factor larger than the material constitut- 
ing the tubular clad 36 (clad material). Normally, plas- 
tics, elastomer and so on are suitably selected in ac- 
cordance with its purpose and used. 
[0168] As the actual examples of core material, use 
is made of transparent materials such as polystyrene, 
styrene, methyl methacrylate copolymer, (meta) acr- 
ylate resin, polymethyl pentene, allylglycol carbonate 
resin, spiran resin, amorphous polyolefin, polycar- 
bonate, polyamide, polyallylate, polysulfone, polyallyl 
sulfone, polyether supfone, pofyetherimide, polyimide, 
diallyl phthalate, fiuorocarbon resin, polyester carbon- 
ate, norbornene resin (ARTON), alicyclic acrylate resin 
(Optretz), silicone resin, acrylic rubber, silicone rubber 
and so on (it should be noted that "(meta) acrylate" 
means "acrylate and methacrylate"). 
[0169] In addition, the clad materials may be selected 
among transparent materials having a low refraction 
factor, and use is made of organic materials such as 
plastics, elastomer and so on. 

[0170] As the actual examples of clad materials, use 
is made of polyethylene, polypropylene, polymethyl 
methacrylate, polymethyl metacrylate fluoride, polyvinyl 
chloride, polyvinylidene chloride, polyvinyl acetate, pol- 
yethylene-vinyl acetate copolymer, polyvinyl alcohol, 
polyethelene-polyvinyl alcohol copolymer, fiuorocarbon 
resin, silicone resin, natural rubber, polyisoprene rub- 
ber, polybutadiene rubber, styrene-butadiene copoly- 
mer, butyl rubber, butyl halide rubber, chloroprene rub- 
ber, acrylic rubber, ethylene-propylene-diene copoly- 
mer (EPDM), acrylic nitrile-butadiene copolymer, fiuor- 
ocarbon rubber, silicone rubber and so on. 
[0171] Among the core materials and the clad mate- 
rials mentioned above, from the viewpoint of optical 
properties such as transparency, refraction factor and 
so on and workability of simultaneous extrusion, it ispre- 
ferred to use polystyrene, polycarbonate, styrene-(me- 
ta) acrylate copolymer (MS polymer) and so on as the 
core material and to use (meta) acrylic polymer and so 
on as the clad material. 

[0172] It is preferred to form the reflection-layer by 
(meta) acrylic polymer including white pigment and scat- 
tering material. 

[0173] Here, as the white pigments and the scattering 
materials, use is made of organic polymer particles such 
as silicone resin particles, polystyrene resin particles 
and so on; metal oxide particles such as Al 2 0 3 , Ti0 2 , 
Si0 2 and so on; sulfate particles such as BaS0 4 and so 
on; and carbonate particles such as CaC0 3 and so on. 
In this case, it is possible to use these materials by one 
material solely or by a combination of two or more ma- 
terials. 

[01 74] If reflection efficiency and the workability of si- 
multaneous extrusion are considered, it is preferred to 
control an average particle diameter of the particles of 
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the white pigments or the scattering materials to a range 
of 0.1 - 200 jim more preferably 0.5 - 50 ^m. Moreover, 
it is preferred to control an amount of the particles in a 
material constituting the reflection-layer (reflection ma- 
5 terial) to a range of 0.5 - 20 wt% more preferably 1-10 
wt%. 

[01 75] A thickness of the reflection-layer 37 is not par- 
ticularly restricted, but it is preferred to control the thick- 
ness to 1 0 - 200 |im more preferably 50 - 1 00 jim. If this 
10 thickness is too thin, a light to be reflected is decreased 
and the brightness becomes low. If this thickness is too 
thick, a light to be reflected is increased and the bright- 
ness becomes high. However, these phenomena are 
recognized only near the light source, and the bright- 
is ness becomes low sometimes in a region apart from the 
light source. 

[0176] A diameter of the core 35 is not particularly re- 
stricted, but normally it is controlled to a range of 2 - 30 
mm preferably 5-15 mm. Moreover, a radial thickness 
of the tubular clad 36 is normally controlled to a range 
of 0.05 - 4 mm preferably 0.2 - 2 mm. 
[0177] In the light emission tube, a reflexivity protect 
layer may be formed on an outer surface of the tubular 
clad 36 so as to cover a circumferential surface at which 
a light is not emitted (circumferential surface at a side 
of the reflection-layer37). In the light emission tube hav- 
ing the reflexivity protect layer, even if a defect such as 
pin holes and so on are existent in the reflection-layer 
37, the reflexivity protect layer functions to reflect a light 
leaked to a rear side of the reflection-layer 37 through 
the defect portion or a light leaked from a side portion 
of the reflection-layer 37, and thus it is possible to re- 
duce a light loss, so that the brightness at a reversed 
side of the reflection-layer 37 can be made higher. 
[0178] As a material constituting the reflexivity protect 
layer, it is preferred to use the material in which a light 
leaked from the reflection-layer 37 is not transmitted out- 
ward and in which the leaked light is not absorbed and 
is effectively reflected. As an actual example, use is 
made of metal foils or metal sheets such as silver, alu- 
minum and so on, coating films in which the scattering 
particles for scattering a light as mentioned above are 
scattered, and so on. 

[0179] In order to produce the light transmission tube 
mentioned above, the core material, the clad material, 
and the reflection material including white pigments and 
scattering material are introduced to a tri-axial extruder 
having three screw portions, and the simultaneous ex- 
trusion is performed in such a manner that the core ma- 
terial becomes a cylindrical shape, the reflection mate- 
rial is arranged on an outer surface of the cylindrical core 
material in plural stripe shapes, and the clad material 
becomes a tubular shape covering the core material and 
the reflection material mentioned above. 
[0180] By using this method mentioned above, it is 
possible to extrude simultaneously three kinds of mate- 
rials having different refraction factors and different 
physical properties and to form a lamination member 
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having three kinds of functions at the same time. In this 
case, since the lamination is performed by a rapid form- 
ing rate in such a manner that respective materials 
maintain their softening states, it is possible to manu- 
facture effectively the light transmission tube having ex- 
cellent contacting properties between respective layers. 
[01 81 ] In the case of forming the reflexivity protect lay- 
er, use is made of a method such that a metal foil or a 
metal sheet is adhered after the extrusion mentioned 
above, or, a method such that a coating material in which 
the scattering particles are scattered is coated. In addi- 
tion, it is possible to form the reflexivity protect layer by 
utilizing the simultaneous extrusion. 
[0182] Moreover, the light transmission tube may be 
formed by another manufacturing method except for the 
methods mentioned above. 

[0183] It is possible to emit a light having various 
colors from the light transmission tube 30 by lighting 
one, two or three of the light emission diodes 32, 33, 34 
mentioned above. When one of the light emission di- 
odes 32, 33, 34 in the light source unit 31 is lighted on, 
a light having a mixed intermediate color is emitted, and 
when three diodes are lighted on simultaneously a light 
having a white color can be emitted. 
[0184] It should be noted that one or one kind of light 
emission diode is utilized as mentioned above. 
[0185] In Fig. 1, the linear illuminant 3 is arranged 
along one end of the image display panel 2, but the lin- 
ear illuminant may be arranged along opposed two ends 
of the image display panel 2 and also along three or four 
ends thereof. 

[0186] In this case, as shown in Fig. 13, the following 
construction may be used. That it, the light source unit 
31 is arranged to one end of the light transmission tube 
30, a light emitted from the other end of the light trans- 
mission tube 30 is reflected by a reflector 38a and is 
introduced to one end of a light transmission tube 30A, 
and a light emitted from the other end of the light trans- 
mission tube 30A is reflected by a reflector 38b and is 
introduced to one end of a light transmission tube 30B. 
A reflection-layer 38 is arranged to the other end of the 
light transmission tube 30B. A light introduced to one 
end of respective transmission tubes 30, 30A and 30B 
is emitted from a side surface of the light transmission 
tubes 30, 30A and 30B. 

[0187] Moreover, as shown in Fig. 14, the light trans- 
mission tube 30 having the light source unit 31 at its end 
may be arranged to respective ends of the image display 
panel 2 independently. As is the same as the embodi- 
ment shown in Fig. 1 3, the transmission tube 30 may be 
arranged to only th ree ends of the image display panel 2. 
[0188] Further, as shown in Fig. 15, a continuous long 
light transmission tube 30C may be arranged around re- 
spective ends of the image display panel 2. The light 
source unit 31 is arranged to one end of the light trans- 
mission tube 30C and the reflection-layer 38 is arranged 
to the other end. In this case, as shown in Fig. 16, a 
whole outer surface of the light transmission tube 30C 



is covered by a reflection-layer 39 at a bending portion 
thereof corresponding to a corner portion of the image 
display panel 2, and thus it is possible to prevent an ex- 
cessive bright lighting at the corner portion of the image 
5 display panel 2 and a light leakage due to the bending 
of the light transmission tube. 

[0189] The reflection-layers 38 and 39 are formed by 
adhering a metal foil such as aluminum and so on there- 
to or by coating a paste including metal particles made 
of aluminum and so on. 

[0190] Moreover, in the image display device accord- 
ing to the invention, in addition to the linear illuminant 
as the light emission means, the light emission means 
may comprise a light guide plate arranged at a front sur- 
face of the light display surface of the image display 
means, and a light emitted from the linear illuminant to 
a side surface or a rear surface of the light guide plate 
is reflected by the light guide plate and is emitted to the 
image display surface. 

[0191] Then, a construction of the image display de- 
vice according to the invention having the light guide 
plate will be explained with reference to Figs. 1 7 - 21 . 
[0192] In the image display device shown in Figs. 1 7 
- 21 , light guide plates 41 - 45 are arranged and opposed 
to the image display surface of the image display panel 
2, and the linear illuminant 3 is arranged to one side sur- 
face of the light guide plates 41 - 45. In all the image 
display devices, a light emitted from the linear illuminant 
3 is reflected by the light guide plates 41 - 45 and is 
introduced to the image display surface of the image dis- 
play panel 2. 

[0193] In the light guide plate 41 of the image display 
device shown in Fig. 17, a surface 41 B opposed to the 
image display panel 2 (hereinafter, the surface opposed 
to the image display panel 2 is described as "rear sur- 
face" and its reverse side surface is described as "front 
surface" sometimes) is a satin finished surface. By ar- 
ranging the satin finished surface in this manner, it is 
possible to reflect a light from the linear illuminant 3 in- 
troduced from a side surface of the light guide plate 41 
and to introduce the reflected light to the image display 
surface of the image display panel 2. 
[0194] In the light guide plate 42 of the image display 
device shown in Fig. 1 8, the light guide plate 42 has a 
wedge shape cross section in such a manner that a 
thickness is gradually thin from a side surface to which 
the linear illuminant 3 is arranged to an opposed side 
surface, and a front surface 42A is inclined while a rear 
surface 42B is flat. Then, a light from the light illuminant 
3 introduced from a side surface of the light guide plate 
42 is reflected by the inclined front surface, and the re- 
flected light is introduced to the image display surface 
of the image display panel 2. 
[0195] In the light guide plate 43 of the image display 
device shown in Fig. 19, the light guide plate 43 has a 
shape such that a front surface 43A is a prism surface 
having a triangular wave cross section or a tooth shape 
cross section and a rear surface 43B is flat. Also in the 
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image display device mentioned above, a light from the 
light illuminant 3 introduced from a side surface of the 
light guide plate 43 is reflected by the prism surface of 
the front surface 43A, and a light emitted from the rear 
surface 43B is introduced to the image display surface 
of the image display panel 2. 

[0196] In the image guide plates 41 -43 shown in Figs. 
17-19, use is made of a transparent synthetic resin 
such as acrylic resin (PMMA), polycarbonate, polysty- 
rene, polynorbonene, 4-methylpenetene-1 resin, acrylic 
nitrilesthyrene resin, cyclic polyolefin and so on. As the 
formation method of these materials, use is made of in- 
jection molding method, extrusion method, casting 
method and so on. A thickness thereof is normally a 
range of 0.1 -2 mm. 

[0197] A light guide plate 44 of the image display de- 
vice shown in Fig. 20 is constructed by a light scattering 
plate having a construction such that transparent fine 
particles having a refraction factor other than that of a 
base transparent resin (hereinafter, described as "light 
scattering particles" sometimes) are scattered in the 
base transparent resin. 

[01 98] As for the transparent resin as a matrix, use is 
made of acrylic resin (PMMA), polycarbonate, polysty- 
rene, polynorbonene, 4-methylpenetene-1 resin, acrylic 
nitrilesthyrene resin, cyclic polyolefin and so on. 
[01 99] As the light scattering particles, it is necessary 
to have a refractionfactordifferentfrom that of the trans- 
parent resin mentioned above, and thus an excellent 
light scattering property can be achieved. In this case, 
the refraction factor of the light scattering particles is 
preferred to be larger or smaller by 0.01 - 0.5 more pref- 
erably 0.02 - 0.2 with respect to that of the transparent 
resin to be used. 

[0200] As the light scattering particles, use is made of 
inorganic fine powder such as glass fiber, glass beads, 
talc, silica, alumina, magnesia, Chinese white, calcium 
carbonate, barium sulfate, titanium white, aluminum hy- 
droxide, mica, feldspar powder, quartz powder and so 
on, or organic fine powder such as silicone resin, fluor- 
ocarbon resin, epoxy resin, styrene bridging resin and 
so on. It is possible to use them by one kind solely or by 
a combination of two or more kinds. From the viewpoint 
of transparency, it is preferred to use silicone resin. 
[0201] It should be noted that an average particle di- 
ameter of the light scattering particles is preferably in a 
range of 0.2 - 10 u,m more preferably 0.2 - 5 u,m. 
[0202] An amount of the light scattering particles is 
preferably in a range of 0.01 - 0.8 parts by weight more 
preferably 0.02 - 0.4 parts by weight with respect to 1 00 
parts by weight of the transparent resin. If this amount 
is not larger than 0.01 parts by weight, an excellent light 
scattering effect cannot be obtained, and if this amount 
is not smaller than 0.8 parts by weight, an even light 
emission cannot be obtained. 

[0203] In the case of using the light scattering plate 
mentioned above, the light scattering plate may be a flat 
panel having an even thickness as shown in Fig. 20. 



Moreover, the light scattering plate may be a wedge 
shape cross section as the light guide plate 42 shown 
in Fig. 18, and may be a prism shape as the light guide 
plate 43 shown in Fig. 19. 
5 [0204] Also in the image display device mentioned 
above, a light from the linear illuminant 3 introduced 
from a side surface of the light guide plate 44 is scattered 
by the light scattering particles of the light guide plate 
44, and the scattered light emitted from the rear surface 
is introduced to the image display surface of the image 
display panel 2. 

[0205] In a light guide plate 45 of the image display 
device shown in Fig. 21, a dotted or linear reflection- 
layer for reflecting a light toward the image display sur- 
face is arranged to the substrate, and a dark color-layer 
is arranged to a view surface (a side of front surface) of 
the reflection-layer. Also in this embodiment, a lightfrom 
the linear illuminant 3 introduced from a side surface of 
the light guide plate 45 is reflected by the reflection-lay- 
er, and the reflected light emitted from the rear surface 
of the light guide plate 45 is introduced to the image dis- 
play surface of the image display panel 2. 
[0206] In the light guide plate 45, it is possible to ar- 
bitrary control a light amount distribution emitted from 
the light guide plate by varying the arrangement or the 
size of the reflection-layer, and thus it is possible to eas- 
ily design the light guide plate having an even light 
amount distribution emitted from the rear surface. More- 
over, since the dark color-layer is arranged, a light re- 
flection amount of a light, which is contacted to the front 
surface, can be decreased. 

[0207] Hereinafter, a construction of the light guide 
plate 45 used in the image display device shown in Fig. 
21 will be explained with reference to Fig. 22. Fig. 22 
shows an enlarged cross sectional view of the light 
guide plate 45, and a depression portion 52 is arranged 
to the front surface of a substrate 51 . A reflection-layer 
53 and a dark color-layer 54 are arranged to the depres- 
sion portion 52. The reflection-layer 53 is arranged to 
an inner portion of the depression portion 52, and the 
dark color-layer 54 is arrange to an inlet side of the de- 
pression portion 52 and has the same front surface as 
that of the substrate 51 . 

[0206] In the light guide plate 45 mentioned above, a 
light from the linear illuminant 3 introduced from a side 
surface of the substrate 51 is reflected by the reflection- 
layer 53, and the reflected light emitted from the rear 
surface of the substrate 51 is introduced to the image 
display surface of the image display panel 2. 
[0209] In this manner, if use is made of the light guide 
plate having the reflection-layer and the dark color-layer 
in the depression portion, the front surface of the sub- 
strate becomes flat, and thus the reflection-layer and the 
dark color-layer formed by ink or coating material men- 
tioned below are difficult to be peeled off, so that a du- 
rability can be improved. 

[0210] In this case, a part of the reflection-layer may 
be inserted into the depression portion, and the all re- 
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flection-layer and a part of the dark color-layer may be 
inserted into the depression portion. For the purpose of 
obtaining the peel-off prevention effect mentioned 
above, it is preferred to arrange the all reflection-layer 
and the all dark color-layer into the depression portion 
and to make the front surface flat. The dark color-layer 
may be arranged as a depression state in the depres- 
sion portion. 

[0211] The depression portion may be formed by a 
depression hole shape or may be formed by a depres- 
sion recess shape. In the case of the depression hole 
shape, a number of the depression portions are formed 
on the substrate surface in a dotted manner. Moreover, 
in the case of the depression recess shape, the depres- 
sion portions are formed on the substrate surface with 
a predetermined pitch (this pitch may be varied partial- 
ly)- 

[0212] As a cross sectional shape (viewed at a cross 
section along a surface perpendicular to the surface of 
the substrate) of the depression portion, use is made of 
a half circular cross section (including a half eclipse 
shape), a trapezoidal cross section, a triangular cross 
section and so on other than the rectangular shape as 
shown in Fig. 2, but the other cross sectional shape may 
be applied. 

[021 3] As the cross sectional shape of the depression 
portion, it is preferred to be narrower toward a bottom. 
Specifically, in the case of the depression hole shape, 
cone shape, pyramid shape, half circular shape, watch 
glass shape, trapezoidal hole shape and so on. 
[021 4] In the case of using the depression hole which 
is narrower toward its bottom, it is possible to make an 
area of the dark color-layer larger than that of the reflec- 
tion-layer on a projection plane with respect to the panel 
surface of the substrate, and thus it is possible to suffi- 
ciently obtain a shield effect of the reflection light by the 
dark color-layer, so that a visibility of the image display 
surface can be improved. Moreover, in the case that a 
light is introduced from a side surface of the substrate, 
since a light from the linear illuminant is reflected by a 
side surface of the depression portion of the substrate 
toward a side of the rear surface of the substrate, and 
thus it is possible to increase a light amount emitted to 
the image display surface. Therefore, it is effective. 
[0215] The light transmission plate having the reflec- 
tion-layer and the dark color-layer in the depression por- 
tion of the substrate can be formed as follows. 
[021 6] At first, the depression portion is formed on the 
planar substrate by grinding or etching and so on, or, 
the substrate having the depression portion formed at 
the injection molding of the substrate is prepared. Then, 
the reflection-layer is formed in the depression portion 
of the substrate by using ink or coating material, and the 
dark color-layer is formed thereon in the same manner. 
Finally, the overall surface of the substrate is wiped by 
a cloth or a surface layer is sliced thinly, so that the ink 
and the coating material adhered to a portion other than 
the depression portion can be eliminate. 
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[0217] As a material of the substrate, use is made of 
a transparent resin such as acrylic, polyvinyl chloride, 
polycarbonate, silicone resin and so on, a transparent 
film such as PET, polyethylene, polyvinyl chloride and 
5 so on. A thickness thereof is preferably in a range of 30 
- 2000 ujti. 

[021 8] The reflection- layer can be formed by scatter- 
ing the white pigment such as titanium oxide, silica, alu- 
mina and so on in a resin solvent. The dark color-layer 
can be formed by scattering black particles made of for 
example carbon black in the resin solvent. 
[0219] In this manner, the light guide plate having the 
reflection-layer and the dark color-layer to the substrate 
can be achieved only if the dark color-layer is arranged 
to a view surface of the reflection-layer, and thus the 
construction is not restricted to Fig. 22. 
[0220] That is to say, the reflection-layer may be ar- 
ranged at a side of the front surface of the substrate as 
shown in Fig. 22, and may be arranged at a side of the 
rear surface. In the case that the reflection-layer is ar- 
ranged to the front surface of the substrate, the dark 
color-layer provided to the view surface of the reflection- 
layer, preferably a black color-layer, is arranged in such 
a manner that it covers a side of the front surface of the 
reflection-layer. Moreover, in the case that the reflec- 
tion-layer is arranged to the rear surface of the sub- 
strate, the dark color-layer is arranged between the re- 
flection-layer and the substrate. The reflection-layer is 
not restricted to the embodiment such that it is arranged 
in the depression portion of the substrate, and the re- 
flection-layer may be arranged on the substrate surface. 
That is to say, the reflection-layer may be formed on a 
plane surface at a side of the front surface of the sub- 
strate for example, and the dark color-layer may be 
formed on the reflection-layer. Moreover, the reflection- 
layer may be formed through the dark color-layer on the 
plane surface at a side of the rear surface of the sub- 
strate. I n the case that a thickness of the reflection-layer 
and a thickness of the dark color-layer are thin, it is pre- 
ferred to use the construction in which the reflection-lay- 
er and the dark color-layer are formed on the substrate, 
since it is not necessary to form the depression portion 
to the substrate. On the other hand, it is preferred to use 
the construction in which the reflection-layer and the 
dark color-layer are formed in the depression portion, 
since there is no drawback on a projection of the reflec- 
tion-layer and the dark color-layer. 
[0221] The reflection-layer can be formed by a vapor- 
izing of metal except for the ink or the coating material 
in accordance with its arrangement. 
[0222] The substrate may be a transparent substrate 
or may be a lamination substrate having a transparent 
layer at its front surface and a light scattering layer in- 
cluding the light scattering particles mentioned above at 
its rear surface. In the case of using the lamination sub- 
strate, a light incident upon the substrate is scattered by 
the light scattering layer and is reflected by the reflec- 
tion-layer, and the reflected light is emitted from the rear 
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surface of the substrate or the scattered light is directly 
emitted from the rear surface of the substrate. There- 
fore, it is possible to increase a light amount emitted 
from the rear surface. Moreover, the substrate may be 
a light scattering substrate constructed only by the light 
scattering layer mentioned above. 
[0223] In the light guide plate mentioned above, if an 
arranging density of the reflection-layer is made larger 
in accordance with a distance from the linear illuminant, 
it is possible to make a light amount distribution from the 
rear surface even. For example, in the case that the lin- 
ear illuminant is arranged to one side surface of the sub- 
strate having a square shape, the arranging density of 
the reflection-layer is made larger when the distance 
from the side surface becomes longer. In the case that 
the linear illuminant is arranged to the opposed two side 
surfaces of the square substrate, the arranging density 
of the reflection -layer is made larger when the distance 
from the two side surfaces are longer, and the arranging 
density is made largest at an intermediate portion be- 
tween two side surfaces. 

[0224] In the light guide plate, the substrate, to which 
the reflection-layer and the dark color-layer are ar- 
ranged, may be made of a film, and the film may be 
sealed in the transparent resin. 
[0225] Also in the light guide plates 41 - 45 shown in 
Figs. 1 7 - 22, a protection film may be arranged to a side 
of the front surface. Particularly, in the light guide plate 
in which the reflection-layer and the dark color-layer are 
arranged to a side of the front surface of the substrate 
as shown in Fig. 22, it is possible to improve a durability 
by arranging the protection film mentioned above. 
[0226] As the embodiments arranging the light guide 
plate, the explanation is made to the example in which 
the linear illuminant is arranged to one side surface of 
the light guide plate in Figs. 17 - 21 , but the linear illu- 
minant may be arranged to the opposed two side sur- 
faces, or three or four side surfaces of the light guide 
plate. Moreover, the linear illuminant may be arranged 
to a side portion of the rear surface of the light guide 
plate except to a side surface of the light guide plate, 
and a light from the linear illuminant may be emitted from 
a side of the rear surface of the light guide plate. 
[0227] In thecase thatthe linear illuminant is arranged 
only to one side surface of the light guide plate, if the 
light guide plate has the wedge shape cross section in 
which the thickness thereof is gradually thinner in ac- 
cordance with the distance from the linear illuminant, it 
is possible to emit an even light to the image display 
surface of the image display panel, and it is preferred. 
In the case that the linear illuminant is arranged to the 
opposed two side surfaces of the light guide plate, the 
light guide plate may have a wedge shape cross section 
at its both ends in which the thickness thereof is gradu- 
ally thinner from the opposed two side surfaces to the 
intermediate portion of the light guide plate, from the 
same reasons. 

[0228] In the present invention, if all the image display 



panel, the light transmission tube of the linear illuminant 
and the light guide plate are formed by a flexible mate- 
rial, an application for an electric paper and so on can 
be achieved. In this case, it is preferred that use is made 

5 of the following materials for respective members and a 
necessary flexibility is obtained. 
[0229] Substrate material of image display panel: 
PET, acrylic resin, silicone resin etc. 
[0230] Light transmission tube: fluorocarbon resin as 

10 clad material, silicone resin as core material etc. 

[0231] Light guide plate: silicone resin, acrylic resin, 
acrylic rubber etc. 

[0232] Also in the image display device according to 
the invention, the image display surface may be ar- 
15 ranged to both surfaces of the image display panel. In 
the case that the image display surface is arranged to 
the both surfaces, the image display panels as shown 
in Figs. 2 - 6 may be adhered with each other in such a 
manner that the image display surface is existent at an 
outer side. Moreover, if use is made of the image display 
panel as shown in Fig. 6 in which the image display is 
performed by adhering the negatively chargeable parti- 
cles to one substrate and the positively chargeable par- 
ticles to the other substrate, the both surface display can 
be performed by one image display panel (here, colors 
to be displayed are different on front and rear surfaces, 
and it is necessary to use the transparent substrate and 
the transparent electrode). 

[0233] In the image display panel having the both sur- 
face display mentioned above, the light emitting means 
may be arranged in such a mannerthat a light is emitted 
to both image display surfaces and may be arranged in 
such a manner that a light is emitted to one display sur- 
face. 

[0234] Then, as a preferred embodiment of the image 
display device according to the first aspect of the inven- 
tion mentioned above, an example in which the V-recess 
is arranged to the light guide plate will be explained. 
[0235] Figs. 23a and 23b are a side view and a per- 
spective view respectively showing one preferred em- 
bodiment of the image display device according to the 
first aspect of the invention. In the embodiment shown 
in Figs. 23a and 23b, the image display device 101 ac- 
cording to the invention comprises: an image display 
panel 1 02 as the image display means for displaying the 
image by moving the chargeable particles between the 
electrodes to which a voltage is applied; and a light emit- 
ting means 106 for emitting a light to the image display 
panel 102 and an image display surface 103, having a 
linear illuminant 1 04 extending along one end of the im- 
age display panel and a light guide plate 105 arranged 
to the front surface of the image display surface 103 of 
the image display plate 1 02, wherein a light emitted from 
the linear illuminant 104 to the side surface or the rear 
surface of the image guide plate 105 is reflected by the 
light guide plate 1 05 and is introduced to the image dis- 
play surface 103. The above construction is the same 
as that of the known image display device. 
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[0236] Features of the preferred embodiment of the 
image display device according to the first aspect of the 
invention are that a number of V-recesses 107 each hav- 
ing a prism surface 1 07a used for reflecting a light emit- 
ted from the linear illuminant 104 to the image display 
surface 103 is arranged to a surface of the light guide 
plate 105 (here, a surface reversed to a surface op- 
posed to the image display surface 1 03), and a V-recess 
angle a is set to 25° - 40°, as shown in Fig. 24 by a part 
of the light guide plate 1 05 constituting the image display 
device according to the invention. In this case, the V- 
recess angle a is defined by an angle of the prism sur- 
face 1 07a of the V-recess 1 07 with respect to a surface 
parallel to the image display surface 103 of the image 
display panel 1 02, as shown in Fig. 25 by an enlarged 
figure of a part of light guide plate 1 05. In the image dis- 
play device 101 according to the invention, if the V-re- 
cess angle a is limited to 25° - 40° in this manner, it is 
possible to increase the refraction factor of light in the 
transparent light guide plate 105 and to effectively emit 
a light with respect to the image display surface 1 03. In 
this case, it is preferred to set the V-recess angle a to 
25° - 35°. Moreover, a numeral 1 04a is a reflection plate 
surrounding the linear illuminant 104. 
[0237] Then, in the image display device 1 01 accord- 
ing to the invention, a function and an effect of the ex- 
ample in which the V-recess angle a is limited to 25° - 
40° will be explained in detail in comparison with a case 
of the liquid crystal display. 

[0238] Fig. 26 is a graph showing a variation of reflec- 
tion coefficient of respective image display devices 
when an angle of an incident light to the image display 
device is varied from 15° to 85°. In the embodiment 
shown in Fig. 26, a measurement is performed to an ex- 
ample in which 5 sheets of recycle paper are arranged 
as a standard example in which the reflection coefficient 
is high together with the image display device according 
to the invention and the liquid crystal display. The results 
shown in Fig. 26 are measured by using an incident an- 
gle dependency measuring apparatus of the reflection 
coefficient shown in Fig. 27. In Fig. 27, a numeral 108 
is a reflection coefficient measuring apparatus; a numer- 
al 1 09 is a light source; and a numeral 1 1 0 is the image 
display device in which no lighting means is arranged. 
Since the reflection coefficient measuring apparatus 
1 08 is arranged in 0° direction and thus it is not possible 
to perform the measurement from 0° to 15°, the reflec- 
tion coefficients in the results of Fig. 26 are measured 
by assuming that the reflection coefficient at 15° is 1 00. 
[0239] Fig. 28 is a graph showing a relation between 
the V-recess angle a and an efficiency of the light guide 
plate when an incident angle from the linear illuminant 
to the light guide plate is varied. It is preferred that a light 
angle distribution emitted from the linear illuminant is 
concentrated at near 0°. However, as shown in Fig. 29, 
an angle distribution of the light source is wide and thus 
an angle distribution of the linear illuminant is also wide. 
Since a light having a wide angle distribution among 
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them is not introduced to a side of the display and is 
introduced to a side of the viewer, some problems occur 
such that a light efficiency emitted to the display is de- 
creased and such that a visibility is decreased. Howev- 
5 er, in the case that a design is performed under limited 
space and cost such as an auxiliary light source of the 
display, it is impossible to control a light of the linear il- 
luminant completely. Therefore, although the efficiency 
is low, use is made of the linear illuminant having a wide 
distribution. 

[0240] Particularly, since, as shown in Fig. 26, the liq- 
uid crystal display has a property such that the reflection 
coefficient is high only in a region such that the incident 
angle is low (a light is introduced in a substantially ver- 
tical direction with respect to the display surface), it is 
necessary to set the V-recess angle of the light guide 
plate to near 45° so as to emit a light at near 0°. In this 
case, as shown in Fig. 28, the efficiency is low in such 
a manner that the efficiency is 60 % when the incident 
angle to the light guide plate is 9° and the efficiency is 
decreased to 30 % when the incident angle is 1 8°. How- 
ever, in the image display device according to the inven- 
tion, since the reflection coefficient is not decreased as 
shown in Fig. 26 if the incident angle is set to a high level 
(a light is introduced in a substantially parallel direction 
with respect to the display surface), it is possible to set 
the V-recess angle a under 40°. The efficiency of the 
light guide plate at the V-recess angle of 40° is 1 00 % 
at the incident angle of 9° and also 68 % at the incident 
angle of 18°, and thus it is understood that the efficiency 
is remarkably improved as compared with the light guide 
plate having the V-recess angle of 45°. In this case, if 
the V-recess angle a can be set to 25° - 40° as the image 
display device, it is possible to eliminate the drawbacks 
on the efficiency decrease due to a large V-recess angle 
and on the decrease of visibility due to the leaked light, 
and thus its effects are large. Therefore, it is possible to 
apply to a printed matter. 

[0241] Then, a visibility angle dependency of the re- 
flection coefficient will be explained. The visibility angle 
is measured by using a visibility angle characteristic 
measuring apparatus of the reflection coefficient shown 
in Fig. 30 (a construction is the same as that of the in- 
cident angle dependency measuring apparatus shown 
in 5, and thus the same numerals are used here) in such 
a manner that the reflection coefficient measuring ap- 
paratus 108 is mover under a condition such that the 
light source is fixed at an angle of 20° as shown in the 
figure. The angle dependency of the reflection coeffi- 
cient, in the case that the measured reflection coeffi- 
cients are converted by assuming that the reflection co- 
efficient at 0° is 1 , is shown in Fig. 31 . In the display, it 
is normally described by a symmetrical chevron shape 
having a maximum value at 0°. Here, only + direction is 
shown. From the results of Fig. 31 , it is understood that 
it is preferred to make the visibility angle at a white color 
displaying over 40° at one side by a half bandwidth. That 
is, the half bandwidth means an angle range showing 
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50 % with respect to the maximum value of the reflection 
coefficient, and it is understood from Fig. 31 that the liq- 
uid crystal display has a half bandwidth of 38° and the 
image display device according to the invention has a 
half bandwidth of 79°. 

[0242] Hereinafter, the present invention will be ex- 
plained specifically by showing examples and compar- 
ative examples in the preferred embodiments of the im- 
age display device according to the first aspect of the 
invention explained with reference to Figs. 23 - 31 . How- 
ever, the present invention is not limited to the following 
examples. 

Example 1 

[0243] The image display device having the construc- 
tion shown in Figs. 23 and 24 including the following lin- 
ear illuminant, light guide plate and image display panel 
was manufactured. 

[Linear illuminant] 

[0244] The linear illuminant having the angle distribu- 
tion shown in Fig. 29 was manufactured. The linear illu- 
minant had a three layers construction having a diame- 
ter of 2 mm such that core, clad and reflection-layer are 
arranged orderly from its center and white LED's were 
arranged at its both ends. 

[Light guide plate] 

[0245] The light guide plate having the construction 
shown in Fig. 24 and the V-recess angle of 40° (material: 
ARTON by JSR company) was manufactured. The plan 
dimension was 70 x 70 mm, the thickness was 1 .0 mm 
at a portion other than the V-recess portion and 1 .0 
0.8 mm (wedge shape) at the V-recess portion. AR (Anti 
Reflection) treatment was subjected to a surface to 
which the V-recess was not arranged. The pitch of the 
V-recess was 1 75 ujti. 

[Image display panel using the chargeable particles® 
mentioned above] 

[0246] The image display panel having the display el- 
ement shown in Fig. 2 was manufactured. As the trans- 
parent substrate and the opposed substrate, use was 
made of the glass substrate (thickness: 2 mm), and the 
display electrode was formed by the ITO electrode and 
the opposed electrode was formed by the copper elec- 
trode. In order to prevent the particle adhesion on the 
surface of the electrode and to prevent the charge leak- 
age, the silicone resin having the insulation property 
was coated with the thickness of about 3 um As the 
silicone resin, use was made of the positively chargea- 
ble one. Black toners (spherical toners with average par- 
ticle diameter of 8 u.m, surface charge density of -40 \iC/ 
m 2 , the surface potential of 450 V at 0.3 second after 
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the foregoing surface potential measurement) for elec- 
tro-photography were employed as the negatively 
chargeable particles. The height of the partition wall (a 
distance between electrodes) was set to 200 ujti and 
5 the filling amount of the negatively chargeable particles 
was set to 30 % with respect to the space volume. The 
space surrounded by the partition walls was 300 ujn x 
300 ujti x 200 u.m (a distance between electrodes). As 
the color plate, use was made of the resin plate having 
10 a white color. In the image display panel mentioned 
above, the white display was performed, and the inci- 
dent angle dependency of the reflection coefficient was 
measured according to the method shown in Fig. 27. 
The measured result was the same as that of the image 
is display device shown in Fig. 26. Moreover, the visibility 
characteristic of the reflection coefficient was measured 
by the visibility angle measuring apparatus of the reflec- 
tion coefficient shown in Fig. 30. The measured half 
bandwidth was 79°. Further, the reflection coefficient at 
0° (a front of the image display device) was 20 %. 
[0247] In the thus prepared image display panel, the 
white color displaying was performed, and brightness 
was measured by the luminance meter (BM7 manufac- 
tured by Topcon Corporation) from the front of the image 
display panel under such a condition that the lighted lin- 
ear illuminant and the light guide plate were arranged 
on the image display panel. The measured brightness 
was 30 cd/m 2 . 

Example 2 

[0248] The image display device having the construc- 
tion shown in Figs. 23 and 24 including the following lin- 
ear illuminant, light guide plate and image display panel 
was manufactured. 

[Linear illuminant] 

[0249] The linear illuminant having the angle distribu- 
tion shown in Fig. 29 was manufactured. The linear illu- 
minant had a three layers construction having a diame- 
ter of 2 mm such that core, clad and reflection-layer are 
arranged orderly from its center and white LED's were 
arranged at its both ends. 

[Light guide plate] 

[0250] The light guide plate having the construction 
shown in Fig. 24 and the V-recess angle of 40° (material: 
ARTON by JSR company) was manufactured. The plan 
dimension was 70 x 70 mm, the thickness was 1 .0 mm 
at a portion other than the V-recess portion and 1 .0 
0.8 mm (wedge shape) at the V-recess portion. AR (Anti 
Reflection) treatment was subjected to a surface to 
which the V-recess was not arranged. The pitch of the 
V-recess was 175 u,m. 
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[Image display panel using the chargeable particles© 
mentioned above] 

[0251] The image display panel having the display el- 
ement shown in Fig. 5 was manufactured. As the trans- 
parent substrate, use was made of the glass substrate 
(thickness: 1.1 mm), and as the opposed substrate, use 
was made of the glass substrate (thickness: 1.1 mm). 
Moreover, the display electrode was formed by the ITO 
electrode and the opposed electrode was formed by the 
copper electrode. In order to prevent the particle adhe- 
sion on the surface of the electrode and to prevent the 
charge leakage, the silicone resin having the insulation 
property was coated with the thickness of about 3 
The height of the partition wall (a distance between elec- 
trodes) was set to 50 pjn and the width thereof was set 
to 20 jim. The filling amount of the total chargeable par- 
ticles was set to 70 % with respect to the space volume. 
The space surrounded by the partition walls was 350 
jim x 350 |xm x 50 jxm (a distance between electrodes). 
[0252] As the chargeable particles, the following black 
color particles and white color particles were prepared. 
The black color particles were produced in such a man- 
ner that acrylic urethane resin: EAU65B (Asia Industry 
Co., Ltd.)/ IPDI cross-linking agent: Excel-Hardener HX 
(Asia Industry Co., Ltd.), CB (Carbon Black) 4 phr, 
charge control agent: BontronN07 (Orient Chemical In- 
dustries Ltd.) 2 phr (here, phr means parts by weight 
with respect to 100 parts by weight of resin) were added, 
mixed, ground and classified by a jet-mill. The average 
particle diameter of the black particles was 9.2 urn. The 
white color particles were produced in such a manner 
that acrylic urethane resin: EAU53B (Asia Industry Co., 
Ltd.) / IPDI cross-linking agent: Excel-Hardener HX 
(Asia Industry Co., Ltd.), titanium oxide 10 phr, charge 
control agent: BontronE89 (Asia Industry Co., Ltd.) 2 phr 
were added, mixed, ground and classified by the jet-mill. 
The average particle diameter of the white color parti- 
cles was 7.1 urn. The ratio between the negatively 
chargeable particles having the black color and the pos- 
itively chargeable particles having the white color was 
set to 1 : 1 . When the white displaying was performed 
in the image display panel mentioned above and the in- 
cident angle dependency of the reflection coefficient 
was measured according to the method shown in Fig. 
27, the measured result was the same as that of the im- 
age display device shown in Fig. 26. Moreover, when 
the visibility angle characteristic of the reflection coeffi- 
cient was measured by the visibility angle measuring ap- 
paratus of the reflection coefficient shown in Fig. 30, the 
half bandwidth was 79°. Moreover, the reflection coeffi- 
cient at 0° (front of the image display device) was 35 %. 
[0253] In the thus prepared image display panel, the 
white color displaying was performed, and brightness 
was measured under such a condition that the linear il- 
luminant and the light guide plate thus prepared were 
arranged thereon. The measured brightness was 50 cd/ 
m 2 . 
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Example 3 

[0254] The front brightness was measured in the 
manner as is the same as the example 1 by using the 
5 same image display device and the same linear illumi- 
nant as those of the example 1 and using the light guide 
plate having the V-recess angle of 25°. The measured 
front brightness was 30 cd/m 2 . 

10 Example 4 

[0255] The front brightness was measured in the 
manner as is the same as the example 1 by using the 
same image display device and the same linear illumi- 
nant as those of the example 2 and using the light guide 
plate having the V-recess angle of 25°. The measured 
front brightness was 50 cd/m 2 . 

Comparative example 1 

[0256] The front brightness was measured in the 
manner as is the same as the example 1 by using the 
same image display device and the same linear illumi- 
nant as those of the example 1 and using the light guide 
plate having the V-recess angle of 41°. The measured 
front brightness was 25 cd/m 2 . 

Comparative example 2 

[0257] The front brightness was measured in the 
manner as is the same as the example 1 by using the 
same image display device and the same linear illumi- 
nant as those of the example 1 and using the light guide 
plate having the V-recess angle of 24°. The measured 
front brightness was 25 cd/m 2 . 

Comparative example 3 

[0258] The front brightness was measured in the 
manner as is the same as the example 1 by using the 
same image display device and the same linear illumi- 
nant as those of the example 2 and using the light guide 
plate having the V-recess angle of 41°. The measured 
front brightness was 42 cd/m 2 . 

Comparative example 4 

[0259] The front brightness was measured in the 
manner as is the same as the example 1 by using the 
same image display device and the same linear illumi- 
nant as those of the example 2 and using the light guide 
plate having the V-recess angle of 24°. The measured 
front brightness was 42 cd/m 2 . 

Comparative example 5 

[0260] The brightness of the liquid crystal display de- 
vice (commercially available liquid crystal of the refiec- 
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tion type), in which the white color displaying was per- 
formed, was measured by using the same linear illumi- 
nant and the same light guide plate as those of the ex- 
ample 2. The measured brightness was 12 cd/m 2 . 
[0261] According to the image display device regard- 
ing to the first aspect of the invention, since the light 
emission means for emitting a light more effectively to 
the image display surface of the image display means 
is provided, the excellent visibility of the displayed image 
can be achieved. Particularly, if use is made of the image 
display means in which the chargeable particles are 
moved between the electrodes so as to display the im- 
age, especially the image display means in which the 
chargeable particles are moved between the electrodes 
by means of an electrostatic force, it is possible to obtain 
the image display device having the rapid response rate 
of the image displaying/ deleting, repeated stability and 
excellent durability. In addition, the image display device 
constructed mainly by the image display means and the 
light emission means mentioned above can be provided 
with a simple construction and an inexpensive cost. 

Explanation of the second aspect of the invention> 

[0262] Then, the image display device according to 
the second aspect of the invention will be explained. Al- 
so in the image display device according to the second 
aspect of the invention, use is made of the image display 
device having the same construction as mentioned 
above, and the same particles and the same liquid pow- 
ders as mentioned above are utilized. 
[0263] The feature of the image display device ac- 
cording to the second aspect of the invention is that, in 
the image display panel having the construction men- 
tioned above, a color filter is arranged to an outer sur- 
face or an inner surface of the transparent substrate of 
the image display panel so as to perform a color display- 
ing on the surface to which the transparent substrate is 
existent. 

[0264] Specifically, it is assumed that: one pixel of the 
image is constructed by three units (in this case use may 
be made of a multiple of three) for example of the image 
display element shown in Fig. 6; RGB color filters 163R, 
163G, 163B are provided on an outer surface of the 
transparent substrate 151 of respective image display 
elements 162 as shown in Figs. 32a and 32b; and for 
example a color of the negatively chargeable particles 
1 55 is white and a color of the positively chargeable par- 
ticles 156 is black. In this case, it is possible to perform 
a color displaying on a surface of the image display pan- 
el 161 to which the color filters 163R, 163G, 163B are 
provided by controlling a direction and strength of an 
electrostatic field generated by a pair of electrodes con- 
structed by the display electrode 153 and the opposed 
electrode 1 54 in respective image display elements 1 62. 
[0265] In the color displaying, the black color display- 
ing can be performed by controlling the particles in such 
a manner that the black color particles exist on all the 
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surfaces of the image display elements 1 62 at a side to 
which the color filters 163R, 163G, 163B are arranged; 
the white color displaying can be performed by control- 
ling the particles in such a manner that the white color 
5 particles exist on all the surfaces of the image display 
elements 162 at a side to which the color filters 163R, 
163G, 163B are arranged so as to synthesize RGB 
colors; and the other color displaying can be performed 
by controlling an amount of the white color particles on 
respective surfaces of the image display elements 162 
to which the color filters 163R, 163G, 163B are arranged 
so as to synthesize RGB colors. 
[0266] In the embodiments mentioned above, the ex- 
planation is made to the example in which the color fil- 
ters 1 63R, 1 63G , 1 63B are arranged to an outer surface 
of the transparent substrate 151 , but it is apparent that 
the same effects can be obtained if the color filters 1 63R, 
163G, 163B are arranged to an inner surface of the 
transparent substrate 151 . In this case, the color filters 
163R, 163G, 163Bmaybe arranged to an outer side or 
an inner side of the transparent display electrode 153. 
Moreover, in the embodiments mentioned above, the 
explanation is made to the image display panel having 
the construction shown in Fig. 6 in which the display 
electrode is arranged to the transparent substrate 151 
and the opposed electrode 154 is arranged to the op- 
posed substrate 152, but it is apparent that the same 
effects can be obtained if use is made of the image dis- 
play panel having the construction shown in Fig. 5 in 
which the display electrode and the opposed electrode 
are arranged to the opposed substrate. 
[0267] Further, in the image display device according 
to the second aspect of the invention mentioned above, 
the explanation is made to the example in which the im- 
age display is performed by using the particles (first em- 
bodiment), but the same explanation can be applied to 
the example in which the image display is performed by 
using the liquid powders (second embodiment). 
[0268] In the image display device according to the 
second aspect of the invention, the color filter having 
different colors of R(red), G(green) and B(blue) is ar- 
ranged to the outer surface or the inner surface of the 
transparent substrate. Then, one pixel of the color dis- 
playing is constructed by three image display elements 
to which at least one of R, G and B of the color filter are 
arranged respectively, and one of the particles or liquid 
powders is made to be the white color, while the other 
is made to be the black color. Under such a condition, 
the white color particles or liquid powders are made to 
be existent to the display surface so as to display the R, 
G or B color of the color filter, while the black color par- 
ticles or liquid powders are made to be existent to the 
display surface so as to display the black color, so that 
it is possible to perform the color displaying. In this man- 
ner, it is possible to realize a high grade color image 
display. 

[0269] The image display device according to the first 
aspect and the second aspect of the invention is appli- 
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voltage applied to the electrodes; and a light emis- 
sion means for emitting a light to an image display 
surface of the image display means. 

5 2. The image display device according to claim 1, 
wherein the particles are constructed by particles 
having the same color and the same charge char- 
acteristics. 

10 3. The image display device according to claim 1 f 
wherein the particles are constructed by particles 
having different colors and different charge charac- 
teristics. 

is 4. The image display device according to one of 
claims 1 - 3, wherein the particles are arranged in 
a space defined by partition walls. 

5. The image display device according to claim 4, 
20 wherein the partition walls are arranged around the 

space and the image display means has a plurality 
of pixels defined by the partition walls. 

6. The image display device according to claim 4 or 5, 
25 wherein a first electrode is arranged in the space at 

a side of the image display surface and a second 
electrode is arranged at the other side thereof. 

7. The image display device according to claim 4 or 5, 
30 wherein both of a first electrode and a second elec- 
trode are arranged in the space at a reverse side of 
the image display surface. 

8. The image display device according to one of 
35 claims 4 - 7, wherein a gas is filled in the space. 



cable to the image display unit for mobile equipment 
such as notebook personal computers, PDAs, cellular 
phones and so on; to the electric paper for electric book, 
electric newspaper and so on; to the bulletin boards 
such as signboards, posters, blackboards and so on; to 
the rewritable paper substituted for a paper of copy ma- 
chine, printer and so on; to the image display unit for 
electric calculator, home electric application products, 
auto supplies and so on; to the electric advertisement; 
and to the electric POP and so on. 

INDUSTRIALLY APPLICABILITY 

[0270] As clearly understood from the above explana- 
tions in the image display device according to the first 
aspect of the invention, since the light emission means 
for emitting a light more effectively with respect to the 
image display surface of the image display means is 
provided, a visibility of the image to be displayed be- 
comes excellent. Particularly, when use is made of the 
image display means in which the charged particles are 
moved between the electrodes so as to display an im- 
age, especially when use is made of the image display 
means in which the charged particles are moved be- 
tween the electrodes by means of an electrostatic force, 
it is possible to obtain the image display device having 
rapid response rate of image display/deletion, excellent 
repeatable stability and excellent durability. In addition, 
the image display device according to the invention con- 
structed mainly by the image display means and the light 
emission means mentioned above has a simple con- 
struction and an inexpensive cost. 
[0271 ] Moreover, in the image display device accord- 
ing to the second aspect of the invention, the color filter 
having different colors of R(red), G(green) and B(blue) 
is arranged to the outer surface or the inner surface of 
the transparent substrate. Then, one pixel of the color 
displaying is constructed by three image display ele- 
ments to which at least one of R, G and B of the color 
filter are arranged respectively, and one of the particles 
or liquid powders is made to be the white color, while 
the other is made to be the black color. Under such a 
condition, the white color particles or liquid powders are 
made to be existent to the display surface so as to dis- 
play the R, G or B color of the color filter, while the black 
color particles or liquid powders are made to be existent 
to the display surface so as to display the biack color, 
so that it is possible to perform the color displaying. In 
this manner, it is possible to realize a high grade color 
image display. 



Claims 

1 . An image display device characterized in that the 
improvement comprises: an image display means 
for displaying an image by moving chargeable par- 
ticles arranged between electrodes by means of a 



9. The image display device according to one of 
claims 4 - 8, wherein the space is a pressure reduc- 
tion state of 105-10-4 Pa. 

40 

10. The image display device according to one of 
claims 1 - 9, wherein the light emission means com- 
prises a linear illuminant extending along a periph- 
eral of the image display means. 

45 

11. The image display device according to claim 10, 
wherein the light emission means comprises a light 
guide plate arranged at a front surface of the light 
display surface of the image display means, and a 

so light emitted from the linear illuminant to a side sur- 
face or a rear surface of the light guide plate is re- 
flected by the light guide plate and is emitted to the 
image display surface. 

55 12. The image display device according to claim 11, 
wherein the light guide plate comprises a substrate 
for introducing a light from its side surface or a rear 
surface, a dotted or linear reflection-layer arranged 
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to the substrate for reflecting a light toward the im- 
age display surface, and a dark color-layer ar- 
ranged to a view surface of the reflection-layer. 

13. The image display device according to claim 11, 5 
wherein a V-recess having a prism surface used for 
reflecting a light emitted from the linear illuminant 

to the image display surface is arranged to a surface 
of the light guide plate, and a V-recess angle de- 
fined by an angle of the prism surface of the V-re- 10 
cess with respectto a surface of the light guide plate 
is set to 25° -40°. 

14. The image display device according to claim 13, 
wherein a reflective property in the case of a white « 
color displaying is such a state that an angle of in- 
cident light, at which a reflection coefficient is 0.5 in 
the case that an angle of incident light is varied by 
15° - 90° and a reflection coefficient at 15°, is not 
less than 40°. 20 

15. The image display device according to claim 13, 
wherein a view angle in the case of a white color 
displaying is not less than 40° at one side on a half 
bandwidth. 25 

16. The image display device according to one of 
claims 1-15, wherein the image display means and 
the light emission means have flexibility. 

30 

17. The image display device according to one of 
claims 1-16, wherein the image display comprises 
the image display surface at its both surfaces. 

18. The image display device according to one of 35 
claims 1-17, wherein as the particles use is made 

of liquid powders, which indicate a high fluidity in an 
aerosol state such that solid-like substances are 
suspended in a gas stably as dispersoid. 

40 

19. An image display device which comprises an image 
display panel, in which two or more groups of par- 
ticles having different colors and different charge 
characteristics are sealed between opposed two 
substrates, at least one of two substrates being 45 
transparent, and, in which the particles, to which an 
electrostatic field produced by a pair of electrodes 
provided on one substrate or both substrates re- 
spectively is applied, are made to move so as to 
display an image, characterized in that a color fil- so 
ter is arranged to an outer surface or an inner sur- 
face of a transparent substrate of the image display 
panel so as to perform a color displaying. 

20. The image display device according to claim 19, ss 
wherein an average particle diameter of the parti- 
cles is 0.1 - 50|xm. 



21. The image display device according to claim 19 or 
20, wherein the surface charge density in an abso- 
lute value of the particles measured by using the 
carrier in accordance with a blow-off method is 5 - 
150 jiC/m2. 

22. The image display device according to one of 
claims 19-21, wherein the particles are particles in 
which the maximum surface potential, in the case 
that the surface of particles is charged by a gener- 
ation of Corona discharge caused by applying a 
voltage of 8 KV to a Corona discharge device de- 
ployed at a distance of 1 mm from the surface, is 
300 V or greater at 0.3 second after the discharge. 

23. An image display device which comprises an image 
display panel, in which the liquid powders, which in- 
dicate a high fluidity in an aerosol state such that 
solid-like substances are suspended in a gas stably 
as dispersoid, are sealed between opposed two 
substrates, at least one of two substrates being 
transparent, and, in which the liquid powders, to 
which an electrostatic field produced by a pair of 
electrodes provided on one substrate or both sub- 
strates respectively is applied, are made to move 
so as to display an image, characterized in that a 
color filter is arranged to an outer surface or an inner 
surface of a transparent substrate of the image dis- 
play panel so as to perform a color displaying. 

24. The image display device according to claim 23, 
wherein an apparent volume in a maximum floating 
state of the liquid powders is two times or more than 
that in none floating state. 

25. The image display device according to claim 23 or 
24, wherein a time change of the apparent volume 
of the liquid powders satisfies the following formula: 

V 10 /V 5 >0.8; 

here, V 5 indicates the apparent volume (cm 3 ) of the 
liquid powders after 5 minutes from the maximum 
floating state; and V 10 indicates the apparent vol- 
ume (cm 3 ) of the liquid powders after 10 minutes 
from the maximum floating state. 

26. The image display device according to one of 
claims 23 - 25, wherein an average particle diame- 
ter d(0.5) of the solid-like substances composing 
the liquid powders is 0.1 - 20 jim. 
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FIG. 2 a 
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FIG. 3a 
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FIG. 4 a 
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FIG. 5 a 
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FIG. 6a 




FIG. 6 b 
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FIG. 10 
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FIG. 13 




FIG. 14 




FIG. 15 




38-^ 



35 



EP 1 542 067 A1 



FIG. 16 
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FIG. 23a 
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FIG. 26 



A Image display device according to the invention 
O Liquid crystal (white display) 
□ 5 sheets of recycle paper 
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FIG. 28 
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FIG. 29 
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FIG. 31 



a Image display device according to the invention 
o Liquid crystal (white display) 
o 5 sheets of recycle paper 
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The technique feature common to claims 1-26 is to provide an image 
display panel for displaying an image by moving particles . The technique 
feature common to claims 1-18 is to provide illuminating means for 
illuminating an image display surface with light. The technique feature 
common to claims 19-22 is to provide a color filter. 

However, the international search has revealed that these technical 
features are not novel since they are disclosed in documents US 2002/50976 
Al (FUJI ZEROX CO., LTD.), 2 May, 2002 (02.05.02) or JP 2002-169191 A 
(FUJI ZEROX CO., LTD.), 14 June, 2002 (14.06.02). Consequently, the 
common features are not special technical features within the meaning 
of PCT Rule 13.2, second sentence, since they make no contribution over 
the prior art. Therefore, there is no feature common to all the claims. 

There are following technique features in the inventions of claims 
1-18. 

The technical feature of claim 7 is to provide first and second 
electrodes on the image display surf ace and the back surface, respectively. 

The technical feature of claim 9 is that a space is in a reduced-pressure 
state. j 

The technical feature of claim 12 is that a light guide plate has 
dispersed reflective layers or a linear reflective layer and a dark color 
layer provided on the viewed surface of the reflective layer. 

The technical feature of claim 16 is that image display means and 
illuminating means are flexible. 

The technical feature, of claim 17 is that image display surfaces are 
provided on both sides. 

There are following technique features in the inventions of claims 
19-26. 

The technical feature common to claims 21, 22 relates to the particle 
surface charge density or surface potential. 

The technical feature common to claims 24, 25 is the apparent volume 
of a powdery fluid. 

Therefore the inventions of claims 1-8, 10, 11, 13-15, 18-20, 23, 
26 are prior arts or involve a technical feature that first and second 
electrodes are provided on the image display surface and the back surface, 
respectively. Consequently, the claims, claim 9, claim 12, claim 16, 
claim 17, claims 21, 22, and claims 24, 25 do not satisfy the requirement 
of unity of invention. 
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